MANUFACTURER: PORTAC
MIN-FLI, COMPANY, INC.
1689 BLUE JAY LANE
CHERRY HILL, NEW JERSEY 08003
TELEAPONE (609) 429~0421

PRODUCT LINE: CURRENT METER FLOW TUBES
DESCRIPTION:

PORTAC Flow Tube — The PORTAC Portable Sewer Condult Flowmeter 18 a

patented device (Figure A) that has been used successfully by New York
City's Department of Water Resources Industrial Wastes Control Section
for sewer flow measurement. The meter, shown in the plan view of Fig-
ure B, 1s designed to create full pipe flow in the sewer condult, thus
making the area of flow constaent. (A self~damming flap gate, also
shown in Figure B, is provided for this purpose.) The only other
variable is velocity and this is measured with an OTT current (velocity)
meter {chown installed in Figure C)}). The number of revolutions made by
the meter's propeller are totalized on a digital counter. By applying
the specific formula supplied with a particular system, flow totals

can then be calculated,

As shown in Figure B, suspended deflectors, which are removable, are
constructed immedlately upstream of the current meter's propeller.
This is dome to reduce or eliminate the possibility of damage to the
propeller by hard, fast-moving objects such as wood. The deflectors
also generally redirect plilable suspended materlals, normally en~
countered in sewer wastes, away from the area around the propeller's
rotation.

Easily mounted on and suspended with a placement rod, the device can
be installed (or removed) by only two sewer workers, regardless of
manhole invert contours. Some of the hydraulic and physical advan-
tages claimed for the PORTAC flowmeter are:?

» Velocity of approach is pot a factor 1f a high veloclty
propeller is used on the current meter;

+ Sewer grade may be any value;
* The system is as good or better than a flume or welr in
terms of ease of installation; the tube can also be easily

sealed to ensure that all flow 18 being gaged;

* The system is unaffected by surcharging or submersion;
and
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« The system does not need compressed air or AC power to
operate, and thus 1s truly portable.

The flowmeter is fully adaptable for analog metering as well as strip
chart recording. The standard metering package consists of: the flow
tube; an OTT Model 10.002 current meter; and a three-digit, battery-
operated counter model (F4). A five-digit counter (also battery
operated), Model Z100, with other monitoring features* is also avail-
able, at additional cost. An optional current meter for use with
PORTAC is the OTT Model 10.300 which has provisions for amalogue strip
recording.

Current Meters — In the OTT 10.002 standard unit shown in Figure D,

signals are generated by means of a permanent magnet mounted on a worm
sleeve which completes the circuit by way of an impulse device embodied
in the meter following each revolution of the propeller. The device is

- — -

Figure D

* e.g., audible indication of input pulses by a loud buzzer,
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largely free of restoring forces and may be sald to operate virtually
without power, The diameter and pitch of the propeller to be used is
determined by the maximum flow velocity of the water to be encountered.
A special table is provided to enable proper selection.

Counters - the three-digit ¥4 counter (type 12.000) counts a maximum of
10 pulses per second and is suited for operation with the OTT 10.002
(C31) current meter, which generates a signal pulse at each revolution
of its propeller. Two 1.5~volt "D" size batteries serve as the power
source and allow up to 48 hours of continuous operatlon without battery
replacement. A stopwatch is used in conjunction with this instrument.

The Z100 five~diglt counter 1s capable of measuring the length of pulse
cycles from voltage-free transmitters (e.g., current meters), up to a
maximum of 20 pulses per second. It is powered by six 1.5-volt single-
cell batteries sufficient for about 30 hours of operation, assuming

8 hours of operation each day.

SPECIFICATIONS:

PORTAC Flowmeter (Less Current Meter and Counter)

Accuracy: *3%, when velocity flow exceeds
.027 mfs (0.09 fps)
Line Sizes: 15.2 to 45.7 cm (6 to 18 in.)
Nominal I.D.
PRICES:
PORTAC (Less Current Meter and Counter) $815-%915
PORTAC Complete with Current Meter and
Counter $1150.00
Optional 5-Digit Counter (Z100) $950.00
COMMENTS:

Although this unit has been used In some sewers, 1t does not appear
well suited for general storm or combined sewer applications, since it
must suffer all the deficlencles of a current meter and is availasble
only in small sizes.
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MANUFACTURER: RAMAPO INSTRUMENT COMPANY
MACOPIN ROAD
BLOOMINGDALE, NEW JERSEY 07403
TELEPHONE (201) 838-2300

PRODUCT LINE: TARGET-TYPE FLOWMETERS, RECORDERS, INDICATORS
DESCRIPTION:

The BAMAPO Imstrument Company manufactures a flow meter probe (the
Mark V) which is reported to be widely used for measuring industrial
wastewater flows. The company alsc offers several other flowmeters,
including the newly-developed Mark VI target flowmeters, and a variety
of recording and indicating devices.

Mark V Flowmeter Probe - This device will measure most process fluids
in pipelines. This is done by Inatalling a flanged fitting into an
existing pipeline (see Flgure A). The strain gage force sensing ele-
ment of this device has no bearings or other rotating parts. The
electrical signal can be transmitted to remote locations or used for
indicating, recording, controlling, and totallzing. The Mark V Flow -
meter measures flow in terms of the dynamic forces acting on a fixed
body in the flow stream. Bonded straln gages in a bridge circuit out-
side the fluid stream and shielded by stainless steel, tramslate this
force into an electrical output proportional to the flow rate squared.

A modification of the standard Mark V Flowmeter Probe, a retractable
probe, is also available for pipeline applications. Thils particular
device can be installed in or removed from pressurized systems without
causing a shutdown. The probe can be moved from line to line - even
for widely varying line sizes - for sampling or spot checking of flows.
Materials and specifications are generally the same as those for the
standard probe.

Other Flowmeters — Less sultable for effluent flow measurements is the
Mark V flowmeter for tube end and pipe connection applications. They
are usable with slurries and some types of abrasive fluids, however.
Accuracy 1s reported to exceed #0.5 percent in flow ranges of approxi-
mately 10:1. Line sizes available are from 1.3 to 15.2 cm (0.5 to 6 in.)
with any standard end fitting, with special sizes supplied upon request.

The Mark VI Target Flowmeter is a new product which has been developed
for measuring flows of dirty ligqulds, slurries, etc. This flowmeter
has no moving parts and no cavities to collect particles or entrap
materials that can harden. Avallable in a wide variety of line sizes
and configurations, it has operational performance characteristics
similar to the Ramapo Mark V Target Flowmeter.
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Secondary Fiowmeasuring Devices - Ramapo markets several recently-

developed recorders and digital flowmeters compatible with the Mark V

and Mark VI.

One type records flow on an inkless, 5.1 em (2 in.) wide chart. Sig-
nals accepted are typlcally 0-1 volt or 4-20 mA. The scale and chart
use square root ruling so that the flow rate signals originating at
target meters, orifilces, and other differential pressure devices can

be read directly in percent of flow. One chart lasts 30 days. Absolute

accuracy is *2 percent.

Digltal-reading flow indicators, wilth BCD output if desired, are avail-~
able for reading in engineering units such as GPM, CFM, and %/s.
Depending upon the application, the display can present readings to a

maximm of 1999, 3999, or 19999.

SPECIFICATIONS:

Line Size*:
Callbration*:
Accuracy:

Range:

Materilals#*:

Pressure Loss¥:

Input:
Output:

Connectionsg#®:

% Mark V Flowmeter Probe

10.16 to 152.4 em (4 to 60 in.)
*1%s 2%
#1% full flow (Bi-directional)

Any 10:1 range up to a line velocity
of 4.57 mfs (15 fps) maximum

Stainless steel sensing element;
Mounting flange as specified

Usually less than 10 cm {4 in.)
of water

5 to 10 VDC

Up to 20 mVDC maximum or 2.0 mVDC input
for full range flow rate. Semi-
conductor gages avallable for higher
output

Terminal strip in explosion-proof
enclosure, or submersilon-proof head
and cable
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PRICES:

Mark V Flowmeter Probes (Standard)
$745 to $1,195 (2% Calibration)
$960 to $2,300 (1% Calibration)
COMMENTS :
Although useful for some types of wastewater flows, these target—-type
devices do not appear sultable for extended use in the storm or com-

bined sewer application. Thedir limited range and vulnerability to
impact by debris make all but attended, short-time use appear unfeasible.
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MANUFACTURER: ROBERTSHAW CONTROLS COMPANY
P.0. BOX 3523
KNOXVILLE, TENNESSEE 37917
TELEPHONE (615) 546-0524

PRODUCT LINE: PARSHALL FLUMES; CAPACITANCE TRANSMITTERS; RECORDERS;
INTEGRATORS; TOTALIZERS; ETC.

DESCRIPTION:

Robertshaw markets a varilety of analytical and measurement devices,
many of which are designed for use with water and wastewater ilnstriment
gystems. Typlcal of these is the Series F~Flume Flow Measurement
System, which incorporates a circular chart recorder with optional in-
tegrator, or a panel-mounted recorder/totalizer.

Flume - The system (Figure A) utllizes as its primary measurement

device a Parshall "Free Flow" flume, constructed of polyester reinforced
fiberglass with Sanitary Satin finish. The flume is equipped with a
molded-in capacitance sensing probe that is characterized to provide a
linear output signal directly proportiomnal to flow. The flume is a one-
plece, completely self-supporting unlt ready for installation in con-
crete. A ruggedized model may be installed in conduits above the groumnd.
The flume and its associlated iInstrumentation are sultable for many open
channel applications.

Transmitter — A capacitance sensing transmitter (Flgure A) can be
installed directly on the flume probe {(Model 157), or mounted in a loca-
tion remote from the flume. No stilling well is required. Because there
are no floats, moving parts, or mechanical linkages, performance is
enhanced,

Flow Recorders and Integration/Totalization - Flow recording and inte-
grating/totalization may be provided with the Series F system using the
Model 241 circular chart recorder with optional integrator, or the
Model 225/534 recorder/totslizer for front panel f£lush mounting.

The Model 241 electronic circular chart recorder 1s available in single
or two pen versions in a weathertight enclosure for surface or panel
mounting, Optional features include built-in Integrator-totalizer and/
or square-root extractors.

The Model 534 Integrator-Totalizer provides continuous Integration and
totalization of process signals with respect to time. Ratio adjust-
ment is by means of a long-scale, thumbwheel dial, calibrated for
linear or square-root signals. A vertical scale meter displays input/
output signals,
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MODEL 241

MODEL 225/534

MODEL 158
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MODEL 157

/Free Fliow®* Flume

Figure A
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The Models 157/158 Level Tels (transmitters) are capacitance sensing
instruments producing standard output current signals and are used
for continuvous level indication or control.

SPECIFICATTONS:

Output Signal:
Linearity:
Repeatability:

Power:

input Signals:
Accuracy:
Repeatability:
Pen Response:

Power:

Input Signals:
Accuracy:
Repeatability:
Count Rate:

Power:

PRICES:

Not avallable at time of writing.

COMMENTS :

Model 157/158 Transmitters

1 to 5, 4 to 20, 10 to 30 mADC
£0.25% of full scale

10.1% of full scale

117/230 VAC or 26 VDC

Model 241 Circular Recorder

1 to 5, 4 to 20, 10 to 50 mADC
£1.0% of full scale

$+0,2% of full acale

2 to 20 sec., adjustable
117/230 VAC, 50-60 Hz

Model 534 Integrator—Totalizer

1 to 5, 4 to 20, 10 to 50 mADC
10,375% of full scale

30.1% of full scale

1000 to 20,000 CcPH

117/230 VAC or 26 VDC

The capacitance gage molded into the Parshall flume offers advantages

for some applications.

Parshall flumes wexe thoroughly discussed in

Section VI and will not be commented on further here.
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MANUFACTURER: SARATOGA SYSTEMS, INC.
10601 SOUTH SARATOGA-SUNNYVALE ROAD
CUPERTINO, CALIFORNIA 95014
TELEPHONE (408) 257-7120

PRODUCT LINE: ULTRASONIC FLOWMETERS
DESCRIPTION:

Saratoga Systems Inc., under licensing agreement with Lockheed Airecraft
Corporation, has patented and is producing the "ULTRAMETER", a fre-
quency difference type "ultrasonic" flowmeter which combines sonar and
advanced micro—electronic concepts to measure the flow of any med{ium
capable of providing a uniform flow profile and propagation sound

waves In an undistorted manner. This device has a number of applica-
tione in the waatewater fileld.

The Model 201 Ultrameter provides elther an analog output, or a digital
output that 18 directly proportional to the average speed of a fluid
flowing in a pipeline and which can be related to volume flow rate., The
measurement system, which employs a pair of non-intrusive diagonally-
opposed transducers mounted directly on the pipe itself (see Figure A),
i1s independent of the sound speed in the fluid as well as fluid density,
composition, viscosity, and temperature.

Sound "bursts" are propagated alternately in opposite directions between
the two transistors. Because the upstream signal 1s delayed and the
downstream signal is speeded up by the moving fluld, the alternate
bursts yield a frequency difference which is a highly accurate measure-
ment of the flow (to 0.2%). The measurement also provides linmearity
even at very low flow rates.

Analog current or digital pulse trains are both simultaneously avail-
able from the "ULTRAMETER", and can feed directly to recording and
computing equlpment. These data signals can be scaled to any desired
output dimensions, such as GPM or cubic feet per minute.
Features include:

+ Bi-directional flow measurement capability

* No head loss or obstruction to flow

* No moving parts

+ No recalibration after Initial factory or inplace
calibration
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T ewe——

Axlal flow sectlon, useful for plpe sizes from
%" Inside dlameter to 3" inside diameter,

Ultrameter tranaducer recelves and emits sound waves.
Flgure A
100 percent Solid State electronics including replaceable,
interchangeable modules and an automatic failure alarm

system

The flowmeter may be employed in pilpelines ranging from 7.62 cm (3 in.)
diameter pilpes to open chanmnels.
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SPECIFICATIONS:

A typical 9 cm (4 in.) meter flowing 757 %/m (200 gpm) has the fol-
lowing performance and operational characteristics:

Accuracy:

Resolution:

Rangés:
Upper Flow Limit
Lower Flow Limit

Data Format Optlomns:
Digital

Analog

Power:
Size:

Standard Meter Bodies
w/ Transducers

Weld-on Transducer
Installations

Wedlght:
Instrument Package

Transducers (depending
on installation)

PRICE:

20,.5% (full scale error with
calibration)

20,2% (full scale)

100 % Pull Scale
0.1 x Full Scale

Posltlve true logle, TTL compatible
rulse train proportiomal to flow.

0.5% D/A conversilon

Current Source 0-1, 4-20 or 10~50 mA
(Full Scale)

Voltage Source 1 or 0-5 volts

(Full Scale)

117 VAC, 50-60 Hz @ 1 amp

0.32 to 46 cm (0.125 to 18 in.)

10 cm (4 in.) up

27.2 kg (60 1bs)

42.5 g to 9 kg (1.5 oz to 20 1bs)

Typlcal price in 20 cm (8 in.) size with remote read-out is $3,680.

COMMENTS :

A large quantity of particulate matter (as can be found in raw or un-
treated sewage) or heavy concentration of air bubbles can affect the
system, although it is reported that up to 50 percent concentrations

of solids have been handled.

These factors have to be determined in

advance consultations with the manufacturer.
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There is no restriction on the transducers, but the line has to be full
of liquid, The electronic contrel box can be mounted in any orientation
except upside down, but must be within 15m (50 ft) of the transducers.
This distance can be extended to 30m (100 ft) under special cilrcumstances.

Overall accuracy of this ultrasonic device depends to a certain degree
on the stability and definition of the fluild velocity within the meter
path. In some circumstances {(e.g., In large diameter pipes and open
channels), the flow veloclty profile is unstable. Several statistical
averaging techniques, such as the Gaussian integration method, can be
used with the "ULTRAMETER" to improve accuracy. However, these tech-
nilques are complex and involve additional expense.
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MANUFACTURER: SCARFPA LABORATORIES, INC.
46 LIBERTY STREET, BRAINY BORO STATION
METUCHIN, NEW JERSEY 08840
TELEPHONE (201) 549-4260

PRODUCT LINE: ACTIVE AND PASSIVE ACOUSTIC FLOWMETERS
DESCRIPTION:

Scarpa Laboratories currently manufactures a line of ultrasonic flow-
metering and sensing instruments which cover a wide range of 1liquid
and gas applications. Those meters appearing to be best sulted for
wastewater applications are the non—contacting, clamp-on passive
acoustic SFM/S¥S Series (2, 3, 4, 5) meters (these are the least ex-
pensive) and several more expensive models (e.g., Type II SDI~10,
Type IV SDL~-8, etec.) that utilize the time difference prineiple and
digital computer technology.

Passive Flowmeters - These clamp-on flow indicators utilize the acoustic
emission principal and appear to be usable for llquids, solids, gases,
and slurries. All models 1n this serles read relative velocity for
liquids and gases and relative mass flow for slurries and solids. The
"SCARPA-SONIC" device responds, through a microphone, to broadband noise
generated by the moving medium ~ nolses which range from the audible to
the high uvltrasonic spectrum. Filters are provided to eliminate
spurious sounds from sources other than the flowing material. In the
cases of liquids and gases, the signal produced is an analog output
which is a function of flow velocity; for slurries and powders, it is

a function of mass velocity. The seusor element clamps or bonds to the
outside of the pipe wall, and the manufacturer states that their best
sensing locatilons are at elbows or flanges. It 1s further recommended
that they should be located at least 3m (10 ft) away, and preferably as
far away as possible, from pumps or compressors as they may 1lntroduce
spurious signals that could pasg through the receiver band-pass filters.
Very low flow velocities (e.g., slurries) may be sensed by imposing some
form of "flow spoller'" in the stream such as an orifice, pipe constric-
tions, or even any small projection which does not have to have
rotational symmetry.

This meter may be used for any pipe silze, ranging from 0.31 cm (1/8 in.)
0.D. copper tubing to 305 c¢m (120 in.) or larger pipe diameters. Milli-
volt, milliampere, and relay coutact closure outputs are avallable. The
meter must be calibrated at the site of installation.

Active Flowmeters — The Scarpa active ultrasonic liquid (called
"doppler') flowmeter indicates flow by meane of two transducers either
clamped on the opposite outside walls or inserted through the walls of
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any pipe size from 7.61 to 152.4 cm (3 to 60 in.,). The instrument
transmits and receives ultrasonlc signals through the plpe wall and
across the flow stream at an angle to the flow. The actual measurement
is of velocity and is transformed to volumetric flow by means of con-
version tables that correct for plpe wall thickness and internal
diameter. Unlts for a specific pipe size can be factory calibrated

to read directly in GPM.

Applicatlons range from non-intrusive flow surveys to flow measurement
and control where the non~liquid contact feature is essential.’ The
electronics are housed in an iIndustrial grade Nema 4 gasketed box with
hinged door.

The doppler type unlts all employ digital computer technology in
processing the Information obtained from the ultrasonic "front end."
BCD or binary outputs can be provided, as well as 0 to 10 wvolts, 4 to
20 mA or 10 to 50 mA analog outputs. Digital flow rate displays are
also available as standard equipment.

All transducers are metal encased and transmit and receive through
resonant metal "windows." As such they can withstand high pressures
and most corrosive environments. Materials of conmstruction may be
aluminum, titanium, monel or stainless steel. Explosion proof housings
are available at additional cost.

SPECIFICATIONS:
Series S§F~( ) Flowmeters
Range: 0.3~1.5 m/s (1-5 fps) to sonic
velocities®
Accuracy: Calibrated in place
Reproducibiliity: 1%
Power: 117 VAC, 1/10 Amp, 50/60 Hz
9-V Battery Power avallable some models
Temperature Range: -40° to + 150°C (Sensor)

~40° to + 80°C (Recelver)

Ultrasonic Liquid Doppler Flowmeters (Typical)
Range: (Flow velocity) 0.3 to > 9 m/s (1 to > 30 fps)

Accuracy: 2%

% 0-100 pA meter indicates relative flow velocity. May be calibrated
on site to indicate actual flow rate.
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Repeatability 27

PRICES:
SF- Series Flowmeters

SF5-2-RPS TUltrasonic Clamp—-On Flow Switch, $181.50
wilth Regulated Power Supply.

SFM-3-BP Ultrasonic Clamp-On Flow Meter, $330.00
Battery Powered
Batteries - $2.75 each extra
(2 required)

SFM~4~RPS Ultrasonic Clamp—On Flow Meter, $341.00
with Regulated Power Supply.

SFSM-5~RPS Flow Switch, Flow Meter Comblnation $467.50
with Regulated Power Supply

TSL-2-( ) Clamp-On Flow Sensors—-Transmitters $ 93.50
(Note: At least one TSL-2-( ) to
sensor 1s required with each 3165.00
recelver)
Dltrasonic Liquld Doppler Flowmeters

Type SDI~10 (Clamp on unit) $3,500-$5,000

Type SDL-8 ("Wetted" sensors) $3,500-510,000

COMMENTS :

Scarpa offers the only passive acoustic flowmeters on the market today,
but little is known about thelr use in a storm or combined seawer
application.
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MANUFACTURER: SIGMAMOTOR, INC.
14 ELIZABETH STREET
MIDDLEPORT, NEW YORK 14105
TELEPHONE (716) 735-3616

PRODUCT LINE: BUBBLER-TYPE SECONDARY FLOWMETER
DESCRIPTION:

Sigmamotor has recently introduced thelr IMS-400 battery operated,

open channel flowmeter. It is a bubbler-type secondary device in which
a pressure transducer senses the back-pressure experienced by an iInert
gas which is bubbled at a constant flow rate through a tube anchored

at an appropriate point with respect to the primary device (weir,
flume, etc.). The flow depth is thus determined and electronically
integrated into the appropriate flow equation. Approprlate numeric
values for the rest of the flow equation are set with two dials on

the front of the meter.

The device appears to be extremely simple to set up and put into opera-
tion. It can operate up to 122m (400 ft) from the measurement site.
This wit, which is claimed to be one of the smallest and most accurate
flowmeters available, 18 equipped with a 31-day pressure sensitive strip
chart recorder for a continuous record of flow rate and a six digit
totalizer reading in gallons to indlcate total flow over time. Besides
the flow rate readouts in CFS or MGD, the IMS-400 can be set to simply
glve depth readouts 1in either feet or inches. It is also designed to
supply a flow-proportional signal for an automatic sampler and will
indicate at what time each individual aliquot was taken.

SPECIFICATIONS:
Accuracy: *2% from the theory curve of the
primary device
Power: AC umits, 115V
DC units, 12V Lead Acid Type Battery
Battery Life: 30 Amp-Hour - 10 days
15 Amp-Hour - 5 days
Bubbler Cylinders: 0.9 kg (2 1b) Freon R~12 gas cylinders
(two) last for approximately 3 to
4 weeks
Dimensions: 34.3x36.8%x25.4 cm (13.5x14.5%x10 din.)
Weight: 15.9 kg (35 1b) with 30 Amp-Hour
Battery
11.8 kg (26 1b) with 15 Amp-Hour
Battery

8.2 kg (18 1b) AC model
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PRICES: $1,750 for AC-DC Unit

COMMENTS :

This small, versatile unit appears to be well suited, in conjunction
with appropriate primary devices (linear, 3/2 or 5/2 power), for many
wastewater flow surveys. Its complete portability makes it especdially
attractive for such use. Wide range requirements could pose a problem;
although the unit has four range settings, they must be set manually.

346



MANUFACTURER: SINGER-AMERICAN METER DIVISION
13500 PHILMONT AVENUE
PHILADELPHIA, PENNSYLVANIA 19116
TELEPHONE (215) 673-2100

PRODUCT LINE: PARSHALL AND PAIMER-BOWLUS FLUMES; LIQUID LEVEL GAGES
DESCRIPTION:

The American Meter Division of Singer offers Parshall flumes in sizes
from 7.6 to 30.5 cm (3 to 12 in.) as standard and up to 2.4m (8 ft) on
special order. The flumes are heavily ribbed for free-standing instal-
lations and may also be used as lilners in concrete. They are fabricated
in one plece from polyester plastic resin, reinforced by glass mat not

- less than 30 percent by welght, and have a smooth white surface. A con-
nection is available on elther side for a bubbler pipe, and a head gage
1s molded into the side of the flume., For installation in pipelines,
American alsc offers Parshall flume end adaptors to make the transition
from round pipe to rectangular flume and back to round (Figure A).
Short-section flumes (i.e., no diverging section), are available for use
where space is restricted and the additional head loss is tolerable.

The Palmer-Bowlus flumes offered by American feature a trapezoidal sec-
tion with a flat bottom. Recommended installation techniques include
grouting or adhesive bonding. They are also molded from fiberglass-—
reinforced i1sophthalic polyester resin with a white gel coat interior
surface. The outside surface has clips for anchoring to concrete. The
flume Inciludes a built-in stainless steel bubbler tube.

American offers a number of secondary elements (Figure B) for use with
V-notch weirs, rectangular welre, Parshall flumes, and Palmexr-Bowlus
flumes. Spring-wound, battery, or electrical (110 VAC) chart drive
speeds can be either 24 hours or 7 days per revolution. Integrating
Instruments use electrical drive charts.

The American bubbler tube level system utilizes an air pump to pressur-—
1ze a capsular pressure element. A tee is incorporated in the line
leading to the capsular pressure element to bleed off a continuous flow
of air (back pressure at the capsular pressure element) to the dip tube,
The dip tube is open at one end and submerged, for example in a weir
with the open end on a plane with the bottom of the welr notch. The

alr escaping from the open end of the dip tube produces bubbles (air
pump ie adjusted to produce approximately 30 to 90 bubbles per minute);
thus, the air pressure in the dip tube corresponds to the hydraulic head
of the liquid. As the liquid head variles, the pressure in the tube
changes., This tube pressure is proportional to the pressure variatiom
at the capsular pressure element. Here the movement of the capsular
pressure element is transmitted to an integrating stylus and recording
pen arm which accurately records a pattern of liquid flow. The inte-
grating instrument totalizes the actual volume measured. The integrat-
ing mechanism is a rotating cylindrical cam with a surface corresponding
to the welr notch characteristic. Depending upon the position of the
pressure stylus, the cam actuates the counter drive for a portion of
each revolution. Since all functions are performed by special gearing,
there are no.clutches to cause backlash or slippage.
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Adapters Bolt To Each
CAULKING - End Of The Flume With

SLEEVE

EXISTING PEPE LINES
Usually Reqiire Tha Pipe Invert
To Be Below The Flume Entranca,

Slopa With Grout
After Installation

Stainless Steel Bolts

1

ON NEW PIPELINES
The Inlet Pipe Invert Should
Ba At Same Elev As The Flume.

CAULKING COLLARS
Sized 1-27 Larger Than
The Pipe To Allow Movement

For Leveling Flume

STANDARD INLET AND OUTLET ADAPTERS

INLEY

—

FOR PARSHALL FLUMES

£nd Connections, such as caulking coliars, are not shown as size and type may vary.

QUTLET PIPE
Must Be At
Same Elev As
Flume Cutlat
Or Lower

INVERT

- —

F-IME A 5 c D E F 6 H t
3 16" j bl ar 167 o jrad 30 5 4
& 2'0 146" ” 250" ” 146" 510" o knd
g 2187 19 Ly 2 & 19" 547 6 &
12" 3y 24 107 257 & 24y 9"4%" 7 g
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MANUFACTURER: SPARLING DLVISTON
ENVIRONTECH CORPORATION
4097 NOo. TEMPLE CITY BLVD,
EL MONTE, CALIFORNIA 91731
TELEPHONE (213) 444~0571

PRODUCT LINE: PROPELLER FLOWMETERS; TRANSMITTERS, RECORDERS, AND
INDICATORS /TOTALIZERS

DESCRIPTION:

Sparling Manufactures a variety of propeller-type meters, electromecha-
nical devices and controls, solid state instruments, and telemetering
equipment. Some of these are sultable, or are potentlally acceptable,
for some wastewater and/or sewer flow applications. Of particular
interest are the Series 100 meters (Masterflow wastewater meters) and a
variety of electrical flow rate transmitters for use with flumes or
welrs or for mounting on meterheads to operate remote Tecorders, ip-
dicators, and/or totalizers.

Sparling offers two styles of wastewater meters — the flanged Masterfilow
tube type and the Masterflow Open Flow type (see Tigure A). For both
models, application In measuring waste flows is recommended only after
primary treatment, including waste or return activated sludge. These
meters are not recommended for raw sewage or primary sludge flows.
Thérefore they will not be described further.

Secondary Measurement Devices — Secondary devices offered by Sparling
include the following:

¢+ Pulge-Rate Transmitters — These designg utilize an optical
pulse-rate generator to provide a 0 to 20 PPS =signal directly
proportional to flow rate.

* Electronic Transmitters - Measure and transmit level, pressure,
or other varlables. Output signal accuracy is *1Z. Pulse
frequency, DC voltage, or current output modes,

* Miniature Strip-Chart Recorders — Indicate and continuously
record flow, pressure, level, or other variables. Can accom—
modate so0lid state or relay-contact output switches for
alarm, status indication, etc.

* Circular-Chart Recorders — Feature 30.4 ecm (12 in.) linear
charts designed for elther 24-hour or 7-day recording;
25.4 cm (10 dn.) iIndicator scale; and six~diglit direct-
reading totalizer.
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ROE GONNECTION

>

3 STRAIGHTENING VANES REC-
OMMENDED WHERE LESS THAN
& DIAMETERS OF STRAIGHT PIPE
PRECEDE THE METER

}—————— LENGTH AS SPECIFIED BY CUSTOMER

PURGE CONNECTION
AND REGISTER HOUSING
OH TOP OF DROF PIPE
{not shown)

PURGE LINE

RETAINER RING

SUPPORT ARM

MAGNET
HOUSBING

Drop Pipe
-~ 2¥* 0D

Brass

FBLADBED CONICAL
POLYETHYLENE PROPELLER

STRAIGHTENING YAMES SPACED
EQUIDISTANT APART

OROP PIPE

SHIELD

PRCOPELLER CAP

Figure A
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COMMENTS:

Propeller meters are not recommended by Sparling for use in raw sewage
and are unsuitable for a storm or combined sewer application.
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MANUFACTURER: TAYLOR
SYBRON CORPORATION
TAYLOR INSTRUMENT PROCESS CONTROL DIVISION
TELEPHONE (716) 235-5000

PRODUCT LINE: ELECTROMAGNETIC FLOWMETERS, SUBMERSIBLE PROBES

DESCRIPTION:

Flowmeters — The "MAG-PIPE" 1100/1200 Series electromagnetic flow-
meters measure flow by Faraday's Law of Magnetic Induction., A low-
level, AC signal generated by the movement of a conductlive fluld in a
magnetic field is amplified by a solld-state transmitter which may be
used directly with Taylor recelving instruments such as controllers,
gecorders, integrators, etc. Figure A shows a typlcal dinstallation.

The 1100T or 1101T transmitters are used with Taylor 1100L, 1101L,
1200L, 1210L, 1211L, 1240L, and 1241L sensing heads. The 1100T 1s the
remote unit and can be mounted up to 366 meters (1200 feet) from the
sensing head. The 1101T is the dintegral form and is mounted directly
on the sensing head; 1t produces a 4 to 20 mA DC signal which is linear
with flow. The transmitters are completely solid state and Incorporate
thick film hybrid integrated circults and an automatic quadrature
rejection {or null adjustment) feature which eliminates costly and time-
consuming start-up. If pneumatic output 1s required, the 1100L can be
coupled to a Taylor 737 transmliter. Teflon is the standard liner mate-
rial used in the "MAG-PIPE" 1100L sensing head, although a variety of
other liner materials are offered.

The recently Introduced Taylor 1210L series uses gelf-cleaning electrodes
to eliminate the measurement problems caused by severe coating buildup.
The electrode material used is Carpenter 20cb~3 stainless steel, which

is ceramic coated for this application. Only a conductive "eye" (Fig-
ure B) for signal pickup 1s untreated; the eye protrudes into the higher
velocity portion of the process stream which 1s sald to have a cleansing
action on the eye caused by the eye's unlque geometric construction.

Submersible Probes — Taylor also manufactures a submersible probe for
measuring flow in large process pipes of 50.8 cm (20 in.) I.D. or over.
The probe is a 15.24 cm (6 in.) magnetic flowmeter consisting of
platinum foil electrodes fired Into a ceramic tube, The probe can be
used with either a remote or integrally mounted transmitter. The
assembly 1s welded to a mast which is fastened to a flange. When
inserted into the process piping, the *2% accuracies may be achieved
when a symmetrical velocity profile exists at velocities above 0.6 n/s
(2 fps). In addition, compensation can be made for non-symmetrical
velocity profiles by field callbration techniques such as pitot
traverses, dye dilution, or other acceptable methods.
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Self-Cleaning Electrodes
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SPECTIFICATIONS:

1100/1200 Series Flowmeters (Typilcal)

Accuracy (including Sensing
Head and Transmitter):

Repeatability (including
Sensing Head and Ttansmitter:

Flow Range!

Sensitivity (Approx)#*:

Qutput Signal#®#*:

Minimum Process Conductivity:

Power:

Power Consumption®*:

Pipe Sizes:

1% of flow (Sensing Head and
Transmitter calibrated separately)

%0.5% of flow (Integral Mounting
or Sensing Head and Transmitter cali-
brated together)

H),25% of flow between 0.91 and
4,57 m/s (3 and 15 FPS) (optimum
calibration)

£0.2% of flow

0-0.9 to 0-9.0 m/s (0-3 to 0-30 fps)
300 microvolte rms/ft/sec

4-20 mA, DC

Down to 1 mlcromho/cm

117 VAC, 50/60 Hz or
117 VAC/234 VAC, 50 Hz

12 VA, 11.8 watts
2.54 em (1L in.) to 30.48 cm (12 in.)

6 kg (13 1b) - Transmitter; 20.4 kg
(45 1b) to 109.0 kg (240 1g) -
Sensing Head

Sensing Heads, from $935.00 to approximately $5,000

Transmitters, Integrally Mounted on Sensing Head —-- $791.00

Welght:
PRICES:
(MAG-PIPE 1100 Series only)
Transmitters, Remote Mounted -— $810.00
COMMENTS :

The Taylor line of electromagnetic flowmeters features a number of what
are claimed to be unique features that extend the utility of their

devices.

Electromagnetic flowmeters were discussed thoroughly in

Section VI and will not be discussed further here,

* Sensing Head only

%% Transmitter only
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MANUFACTURER: THERMAL INSTRUMENT COMPANY
41 TERRY DRIVE
TREVOSE, PENNSYLVANTA 19047
TELEPHONE (215) 355-8400

PRODUCT LINE: THERMAL FLOWMETERS AND FLOW PROBES
DESCRIPTION:

The Thermal Instrument Company offers the Model 60 and 60-1. thermal
flovmeters which could be applicable to the measurement of combined
sewage and stormwater; however, their Model 62-L thermal mass flow
probe and thermal flow probe {(no model number) do not appear to be
sultable for this application because of the vulnerability of such
probes to damage when inserted in effluent snd stormwater f£lows
having large quantities of suspended materials.

Model 60 Thermal Flowmeter - This device consists of a single,
unobstructed flow tube having no moving parts. The meter utilizes
the thermal boundary layer principle In which the sensing elements
(i.e., temperature and flow) are located on the outer surface of the
tube and never contact the flowing medium. The flow sensor 1s ener-
gized with a small amount of electrical energy (less than one watt);
the heat conducted off this element, by the flow stream, is directly
proportional to the mass flow rate of the fluld. Additional sensing
elements are located on the tube to compensate and correct for the
effects of fluid and ambient temperature. It 1ia reported that any
fluid can be metered, no matter how corrosive or abrasive. The meter
is said to be not attitude sensitive and therefore can be mounted
vertically to prevent the bulldup of s0lid particles In slurries. The
meter can be used with a varilety of standard potentiometric recorder
or control devices, standard industrial and military transducers, and
digital readouts.

Model 60-I, Thermal Flowmeter - The Model 60-L is a "spool piece" type
meter and is similar to the Model 60 in basic operation, with one
fundemental difference. The Model 60-L alsc has acquired level sen-
gors on the outside diameter of the flow tube. Figure A is z2 diagram
showing the locatlion of the level and velocity eclements in this combin-
ation meter body. The product of the readouts provided by the velocity
and liquid level measuring sensors will give total instantaneous flow
in a partially filled effluent duct, which usually is so designed that
it will never operate completely full except under emergency conditions.
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LEVEL SENSORS

SPECIFICATIONS:

Output:

Flow Rate:
Accuracy:
Repeatability:
Response Time:
Pipe Sizes:

Power:

TEMPERATURE SENSORS

BAA

S ST

AASAAN

......................

--------

FLOW SENSORS [~ = =

Figure A

Model 60 Thermal Flowmeter

0 to 10 mVDC signal to operate any
standard potentiometric recorder or
control device (standard)

1 to 5, 4 to 20, 10 to 50 mA or 1 to
5 VDC for recording and control purposes
(cptional)

3 to 15 psig or 3 to 30 psig pneumatic
signals (optional)

Digital readout with BCD (optional)
1 cc/min. (minimum); no upper limit
1%

> #0.2% of reading

1/2 sec.

up to 50.8 cm (20 in.)

115 VAC, 60 Hz, < 20 watts
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Model 60-L Thermal Flowmeter

Accuracy: Velocity - 1%
Level - 1%
Overall ~ 2%

Other attributes are similar to Model 60.
PRICE:

Prices vary with size and particular specification details; a complete
Model 60-L 1in a 61 em (24 in.) size costs around $15,000.

COMMENTS :
The Thermal Instrument Company's products appear very suitable for
measuring storm and combined sewer flows if all the manufacturer's

claims are valid. No applications data on these fairly new devices
are avallable for such services.
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MANUFACTURER: TRI-ATID SCIENCES, INC.
161 NORRIS DRIVE
ROCHESTER, NEW YORK 14610
TELEPHONE (716) 461-1660

PRODUCT LINE: ULTRASONIC FLOWMETER
DESCRIPTION:

The Tri-Aid Sciences temperature-compensating, ultrasonic flow measure-
ment and transmitter system is designed for use with open channel
flumes or weirs having a 3/2 power flow characteristics. The model
FC-3~8W ultrasonic transmitter, when correctly installed and calibrated,
will measure the water depth in front of the flume or weir.

This system consists of two basic components, The first is an enclo-~
sure housing the electronic control, integrated circuilt flow character—
izer, and transmitter. The second is an ultrasonic transducer "head"
for bracket mounting above the water flow at the flume or weir. The
transmitter and "head" are connected with a coaxial cable for the meas-
uring signal and two wires for air temperature compensation. The sys-
tem generates a high frequency sound pulse from the "head" mounted
above the water flow. When the sonic pulse is reflected from the wa~
ter's surface and recelved back, the control interprets the time delay
period into water depth and the integrated circuit function module.
characterizes the signal into a linear 4 to 20 MADC flow signal output.

The transmitter is enclosed in a 40.6 X 35.6 X 15.2 cm {16X14X6 in.)
oll~ and dust-tight fiberglass enclosure for wall mounting. The
explosion=proof "head" is encapsulated in Kynar to protect 1t from the
effects of liquids and most industrial operating enviromments. The
output signal from the FC~3-5W may be used to provide a remote input to
a Tri-Aid Integrator system for flow totalizing and sampling control,
It may also be used with indicators, recorders, controllers, and/or
computers to meet the customer's system requirements. The transmitter
enclosure can be located up to 91m (300 £t) from the welr or flume.
Typlcal installatlon details are shown in Figure A. Power requirements
for the system are: 115 VAC, single phase, 10 amps, 60 Hz *10%.

PRICE:

Not available at time of writing.

COMMENTS :

The 0.9m (3 £t) maximum distance from the face of the transducer head
to the zero flow datum 1s for standard calibration. For special appli-

cations, this distance can be increased up to 6m (20 f£t) to meet re-
quirements for many storm or comblned sewer applications.
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TYPICAL ULTRASONIC
TRANSDUCER (HEAD)
MOUNTING:

RIGID CONDUIT TO TRANSMITTER ENCLOSURE
Vas LIQUID- TIGHT CONNECTOR

5'TO 10' FLEXIBLE CONDUIT

LIQUID » TIGHT CONDULET
HUB, 34" N.RT. FOR
SPLICE OF COAXIAL
CABLE ¢ (2) %18 WIRES.
STN, STL.. OR RUSTPROOF., W
MATL. REQD. (SHIM AS
NECESSARY TO LEVEL
TRANSDUCER "HEAD").

PREFERRED LOCATION —;
OF REMOVABLE
FASTENERS

LOCATION OF
FASTENER FOR
FIRWM SUPPORT
TO PREVENT

VIBRATION OR
SOUND TRANS-
MISSION.

TO SUIT 36" MAX.

LOCATE PER FLOW)
FLUME OR WEIR

FLOW MEASUREMENT
POINT (SEE FLUME

DATA PROVIDEDR
WITH FLUME).
¥ NOTE -

BOTTOM SURFACE OF TRANSDUCER "HEAD'
MUST BE FARALLEL. TO LIQUID SURFACE.

Figure A
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MANUFACTURER: UNIVERSAL ENGINEERED SYSTEMS, INC.
7071 COMMERCE CIRCLE
PLEASANTON, CALIFORNIA 94566
TELEPHONE (415) 462-1543

PRODUCT LINE: FLOWMETERING SYSTEMS (CONTROL CABINET,
RECORDER, TOTALIZER, READOUTS)

DESCRIPTION:

UES offers its electronic FLO/Monitor flow measurement system in several
different configurations - il.e., for permanent installations, remote or
temporary locations, and intrinsically safe inmstallations for "hazardous"
area applications. Specifically designed for measuring wastewater flow
in manholes, in effluent and influent lines, etc., this completely elec-
tronic system, which utilizes a Palmer-Bowlus flume for its primary
element, does not employ floats, probes, mechanical linkages, or bub-
blers. The basic unit consists of a control cabinet and the measuring
flume. The control cabinet contalns the electronilc clrcuits, flow
recorder, flow totalizer, power supply, etec. The measuring flume
carrles an embedded sensor element which provides the electronic infor-
mation relating water depth to flow. Figure A shows a typical temporary
manhole installation.

Measuring Flume - The physical configuration and dimensions of this
primary measuring device (Figure B) follow the standard Palmer-Bowlus
concepts. Its smooth, acrylic-PVC plastic construction is rugged and
causes little, if any, disturbance or restriction to water flow. Sizes
to 30.5 cm (12 1in.) are stock items; larger sizes may be obtained by
speclal order.

Flow Rate Recorder - This secondary device provides a 30-day, continu-
ous strip chart for recording a permanent record of flow varlatiomns
(rate vs time) in the sensing flume at all times. Speclal pressure-
sensitive chart paper 1a used.

Flow Totalizer ~ This six-digit counter displays total flow volume
through the flume in units from one thousand to one billion gallonms.

Telemetering - Via a special operational plug provided with each moni-
tor, flow rate and total flow information can be sent to central office
terminals, Built-in logic circuits are provided for this purpose.

Remote Display - Up to 1525m (5000 f£t) of 6~conductor, No. 20 gauge
shielded wire can be provided as interconnecting cable between an
optional remote display and the low-voltage FLO/Monitor computer
(Model 8092 only). The remote display contains a flow rate recorder
and a flow totalizer and an alarm to signal excessively high or low
flow rate.,
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Temporary Location
Model 8091

Permanent Installation
Model 8090

Figure A
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SPECIFICATIONS:

Flume
Pipe Size - em (in.) Length - cm (in.) Max Flow - MLPD (MGD)
10.2(4) 26.4(14) .475(.125)
15.2(6) 50.8(20) .95(.25)
20.3(8) 68.6(27) 1.90(.50)
25,4(10) 81.3(32) 3.42(.90)
30.5(12) 96.5(38) 5.32(1.40)

FLO/Monitor (All Models unless otherwise iIndicated)

Accuracy:

Power:

Size:
Control Cabinet
Remote Display Unit
(8092 only)

FLO/Computer (8092 only)

Welght:

Control Cabinet
(8090/8091)

Power Supply (8091 only)

Bemote Display Unit
(8092 only)

FLO/Computer (8092 only)
Temperature Range:

Price:

4% full scale
120V 60 Hz
12V {Rechargeable gel~

battery for 8091 FLO/
Monitor)

30.4x35.6x15.2 cm
{(12x14x6 4in.)

20,3x25.4x10.2 cm
(8x10x4 1in.)

20.3x25.4x10.2 cm
(8x10x4 in.)

9,07 kg (20 1b)

11.34 kg (25 1b)

~4.54 kg (~10 1b)

~2.27 kg (~5 1b)
-1° to +49°C (30°,to 120°F)

Not awvaillahle at time of
writing.

365



COMMENTS :

Using a characterized electronic probe embedded in the wall of the
Palmer-Bowlus flume offers many advantages for storm or combined
sewer application. However, the one-piece design will present size
restrictions due to manhole entry dimensions.
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MANUFACTURER: VICKERY-SIMMS, INC.
P.0. BOX 459
ARLINGTON, TEXAS 76010
TELEPHONE (817) 261-4446

PRODUCT LINE: ORLFICE PLATES, FLANGES, FITTINGS, AND METERING
TUBES; ASME AND SHORT-FORM VENTURL TUBES; FLOW
NOZZLES; PARSHALL FLUMES; TURBINE FLOWMETERS

DESCRIPTION:

Vickery-Simms is a long-established manufacturer of primary flow meas-
urement devices. Each of their product lines will be discussed briefly.

Orifice Plates and Accessories - Vickery-Simms (VSI) maintains an
environmentally-controlled atmosphere where concentric, eccentric,
segmental, and quadrant edge orifice plates are bored to precision
tolerances in conformance with AGA, ISA, and ASME recommendations
(unless otherwlse specified by the customer), Each plate 1s stamped
with lipe size, ASA rating, material, and exact orifice bore. All
plates which are beveled are stamped "inlet" on the square-edged side.

Sizes available for line diameters are from 1.3 to 229 em (0.5 to

90 in.) in virtually any machinable material to sult the application.
Types 302, 304, and 316 stainless steel, hastelloy, and monel are
stocked for immediate delivery. Orifice flange unions, fittings to
allow removal without interrupting service, stralghtening vanes, and
meter runs for highest accuracy are also offered by VSI.

Flow Nozzles - VSI manufactures flow nozzles for critical and sub-
critical flow in accordance with ASME standards. These are avallable
in carbon steel, chromo moly, and stainless steel in sizes from 2.5 to
76 cm (1 to 30 in.). TFor guaranteed accuracy, flow-calibrated meter
runs are also manufactured.

Venturi Tubes — VSI manufactures a number of wenturl tubes including a
fabricated type (welded, not cast) ASME, a short form, and a low
pressure loss venturl. The fabricated, long~form (ASME) venturi is
lighter in weight and more durable than cast or forged venturis. The
short-form venturl, while offering standard venturl accuracy (30.75%
uncalibrated), requires less laying length (four times the pipe diam-
eter) and produces only slightly greater unrecovered pressure loss,
The low pressure loss venturl or flow tube 1s a speclsal design that
maintailns good uncalibrated accuracy (*1%Z) but offers only about one-
fourth the pressure loss of a standard venturi (typically 3% with a
beta ratio of 0.75).
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All VSI venturi tubea are available In a wide range of standard sizes
from 7.6 to 122 cm (3 to 48 iIn.) and four beta ratios (0.375, 0.490,
0.630, 0.750)., Other sizes and ratios can be manufactured for special
situations. A partilal list of standard materials includes carbon steel,
various stainless gsteels, cast iron, PVC, and fiberglass. Interior
coatings of nickel plating, tungsten carbide, pr glass lining are avail-
able to sult special applications. Insert types are offered as well as
flanged and weld-in designs. Both single pressure tap deslgns as well
as multiple taps with an interval amnulus are offered.

Parshall Flumes -~ VSI manufactures Parshall flumes, in all sizes, made
of fiberglass, steel, or prestressed concrete. They are avallable with
or without a built-in electronic flow element (liquld helght gage); rate
indlcators, recorders, and totalizers are also available.

Turbine Flowmeters — VSI manufactures Insertion~type turbine flowmeters
for use with or without a check valve. In-line types with threaded or
flanged ends are also available. They are offered for use in pipe sizes
from 7.6 to 244 cm (3 to 96 in.)}.

PRICES:

Prices were not avallable at time of writing.

COMMENTS :

VSI manufactures a wide line of primary flow measurement devices and
will assist customers In assembling complete flow measurement systems.

All of these devices were discussed in Section VI and will not be com-
mented upon further here.
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MANUFACTURER: WALLACE-MURRAY CORPORATION
CAROLINA FIBERGLASS PLANT
P.0. BOX 580
510 EAST JONES STREET
WILSON, NORTH CAROLINA 27893
TELEPHONE (919) 237-5371

PRODUCT LINE: PARSHALL FLUMES
DESCRIPTION:

Wallace-Murray manufactures a variety of products made of fiberglass
reinforced plastics, Including a line of standard Parshall flumes.
These flumes feature maximum chemical and corrosion resistance, under
normal condltions, through thelr use of polyester resins. Wallace-
Murray offers flumes of wvarying depths and several optional features.
Throat widths are available from 7.6 to 121.9 ¢m (3 to 48 1in.); lengths
range from 0.3 to approximately 3.35m (3 to 11 ft).

A standard feature of the Wallace-Murray flume is a head gage molded
into the side of the flume at its lower end for the measurement of free
flow discharges and flows under partially-submerged conditions. A free
flow discharge graph is used in conjunction with the gage to determine
flows under these conditions. Under submerged conditions, head flow
must be measured at both upper and lower locations. By using flow cor-
rection curves, a determination of the flow loss due to submerged con-
ditions can be made. Head gages at the second location are optioanl
and will be supplied upon customer request.

Optional features of the Wallace-Murray devices include the incorpora~
tion, on some models, of a 30.5cm (12-in.)~diameter floatwell {may be
mounted on eilther side of the flume) or a 5~cm (2 in.) tap for the in-
stallation of a remote floatwell or bubbler system. A sanitary white
gelcoat interior surface is also available. . Installation design fea-
tures of the flume includes the provision for free standing installa-
tion with additional reinforcing ribs or stiffeners optional for maximum
stabllity instead of the standard loops for anchoring when used as
liners in concrete,

PRICES:
Prices not avallable at time of writing.
COMMENTS ¢

Parshall flumes were discussed thoroughly in Section VI and will not be
commenied upon further here.
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MANUFACTURER: WESMAR INDUSTRIAL SYSTEMS DIVISION
905 DEXTER AVENUE NORTH
SEATTLE, WASHINGTON 98109
TELEPHONE (206) 285-2420

PRODUCT LINE: ULTRASONIC MEASURING DEVICES
DESCRIPTION:

The Industrial Systems Division of WESMAR (Western Marine Electronics,
Inc.) manufacturers several secondary liquid measurement devices
utilizing the techniques of ultrasonic (sonar in air) ranging. These
are the FM 9, a noncontact ultrasonic l1iquid level "flowmeter" for
flumes and weirs, and SLM 9 and SLM 15 ultrasonic devices for the
neasurement of liquid levels. These devices are all readily adaptable
to water and sewage applications.

FM 9 Flow Meter - Actually an echo-sounding instrument, the FM 9
represents a new concept of noncontact welr/flume flow measurement
(actually level monitoring) involving no moving parts or mechanical
linkage. An all solid-state device, the FM 9 (Figure A) congists
basically of an electronics unit (control box), PVC-encapsulated sensor,
a meter, and a junction box (JIC enclosure).

FOR:
RECTANGULAR WEIRS = CIPPOLETT! WEIRS » TRAPEZOIDAL WEIRS * “V NOTCH” WEIRS
PARABOLIC FLUMES « PARSHALL FLUMES  LEOPDLD-LAGCO FLUMES

f

Recorder

Proportional |
Control
Signal

Figure A
This device employs a sensor, which is placed above the liquid ievel.

A repetition rate generator in the electronics unit triggers an oscil-
lator that sends a signal through a2 driver and power amplifier to the

370



sensor which converts these pulses into high frequency sound waves.

The sensor directs these acoustic signals downward to the material.

The sensor detects the returning sound wave (echo) and converts it to
an electrical signal. Precision timing circults are used to measure

the time delay for the echo to return. Processing of the electrical
signals converts the pulse transmit time to an analog voltage or current
proportional to the measurement distance. Output is available which
represents height or flow. Temperature compensation circuitry neutral-
izes any temperature varlations.

SIM 9/SLM 15 Level Monitor - These are short-range liquid level monitors
which are entirely self-contained and are designed to interface with
standard industrial meters, recorders, and equipment of all types.

Solid state techniques, including the use of integrated circuits, have
been employed.

A basic system consists .of an electronics board (power supply, trans-
mitter, receiver) and totally encapsulated PVC sensor. The SLM 9 pro-
vides noncontact level measurement for dlstances up to 3m (10 ft) from
the sensor. Proportional 0-5 volt and 0-1 mA outputs are standard.
Options include: 4 to 20 mA current output; various meters and enclo-
sures; and five independently adjustable set polnts that may be set at
desired level points for pump control, alarm indicators, or annunciators.
Operating principles for liquid measurements are gimiiar, from an
electronic and acoustic standpoint, to those of the model FM 9 flow
meter.

SPECIFICATIONS:
Range (minimum): FM 9/SIM 9 = 41 cm (16 din.)

SIM 15 ~ 46 cm (18 in.)
Range (maximum) : FM 9 - 3m (10 ft)

SLM 9 - 3m (10 ft) (1iquids)

SIM 15 ~ 7m (20 ft) (liquids)
Resolution: within 1%
Repeatability: within 1%
Linearity: within 1%
Output Signals: FM 9/S1M 9 -~ O to 5 VDG

0 to 1 mADC
SIM 15 -~ 0 to 5 VDC
0 to 1 mADC (1 to 5, 4 to 20,
10 -50 mADC)

Sensor Beam Pattern: 7° conical included angle

371



Input Power: 110/220 VAC, 50-60 Hz, 10 watts

Electronlcs to
Sensor Remote
Operation: FM 9/SIM 9 - up to 91.4m (300 ft)*
SIM 15 - up to 152.4m (500 ft)*

Dimensions (Enclosure) 30.4x25.4%x12.7 em
{12x10x5 in.)
Weight:
Electronics 0.91 kg (2 1b)
Sensorxs 0.45 kg (1 1b)
PRICES:

Only general cost guldelines can be provided due to the many variables.
Complete systems range from $1,500 to $2,500. Sensors cost from $125
to $150 and control boards are from $500 to $800. Enclosures (junction
boxes) are available from $25 to $500, depending upon size and NEMA
rating.

COMMENTS :

Ultrasonlc 1iquid heilght gages were discussed in Section VI and will
not be commented on further here.

* Using Coaxial Cable RG620,
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MANUFACTURER: WESTINGHOUSE ELECTRIC CORPORATION
OCEANIC DIVLSION
P.0. BOX 1488, MAIL STOP 9R30
ANNAPOLIS, MARYLAND 21404
TELEPHONE (301) 765-5658

PRODUCT LINE: ACOUSTIC FLOWMETER
DESCRIPTION:

More than 10 years of research in the flow measurement field by
Westinghouse has gone into the development of this acoustic measuring
system. The Model L. E. (leading Edge) Flowmeter 18 so named because

it uses only the leading edge of an acoustic pulse as a basis for
determining liquid velocity and volume flow rate, While this flow-
metering system was designed to measure water flows, the basic principle
applies to most other lliquids as well, including raw sewage.

Two ultrasonic transducers are installed in opposite walls of a conduit,
with the line between them at an angle (45°, for example) with the
conduit axis. The two transducere simultaneously transmit pulses of
sound energy through the moving fluid. The pulse moving with the flow
travels the distance between transducers in less time than the pulse
moving against the flow. The system measures the transit tilme of the
faster pulse and the difference between the transit times of the faster’
pulse and the glower pulse. Using these two time measurements, it
solves two simultaneous equations ia two unknowns - the sound wvelocity
and the fluld velocity. Sound velocity can vary with changes in fluid
temperature, salinity, and other properties. By measuring sound veloc~
ity and correcting for 1t, the system automatically maintains its
accuracy for varying fluld conditions. Volumetric flow through a con-
dult is computed by integrating the local fluid veloclty over the con-
duit cross section. The system does this by measuring local wvelocities
along several paths, scaling these velocities for path geometry, and
sumning. A palr of transducers is required for each path. Four trans-—
ducer pairs (four paths) will achileve better than 1% accuracy with any
practical velocity profile. Volumetric flow in an open stream is com-
puted in a like manner, except that water stage 1s measured and
accounted for as it varies.

Figure A shows a basic acoustic configuration arrangement. Two probes
are shown in the diagram, each with separate transducers and trans-
mitters; however, in actual practice only one transducer is generally
used In each probe, and both probes are energized by a common trans-—
mitter. The probes provide an unobstructed flow path without head
loss.
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PROBE 1 PROBE 2

Liquip
VELOCITY (V)

\

DIGITAL
OUTPUT

Figure A

The basic L.E. system consiste of the tranmsducers and transducer fit—
tings, cabling, and a console housing the electronic circultry and
readouts. Four pairs of transducers are provided for flow in condults;
in open channel applications, the number of transducer pairs must be
determined by the installation geometry.
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SPECLFILCATIONS:
Accuraciles:
Operating Range:

Power (Console):

Flow Rate:

Dimensions (Console):
Welght (Console):

PRICE: $40,000 up

COMMENTS :

to 0.1% (demonstrated) iIn pipes from
0.3 to 9.14m (1 to 30 ft)

10,000 to 1 (typical)
115 VAC, 60 *2 Hz, 3 amps, <500 watts

No upper limit. Flows approaching
16,990,000 /s (600,000 cfs) have been
measured. Ligquid velocities to

>0.5 percent of full scale.

198x63.5x63.5 cm (78x25x25 in.)
136 kg (300 1b)

Section VI discusses the advantages and disadvantages of this type flow-
meter. Cost, size, and complexity of this system mitigate against its
use for many storm and combined sewer applications.
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: SECTION VIIT

SELECTED PROJECT EXPERIENGE

In order to evaluate both standard, commercially available flow meas-
urement, equipment and custom engineered equipment in actual field use,
a survey of recent USEPA projects in the storm and combined sewer pol-~
lution control area was conducted. Several USEPA projects designed
solely to develop improved flow measurement equipment were included in
the survey. Final reports were obtained where available, but for some
projects only interim reports existed and, in a few instances, tele-
phone conversations had to be relied on. The projects are discussed in
general chronological order, starting with earlier efforts and finish-
ing with current, on-going activities.

A gurvey of recent activities of several other Federal agencies in re-
search and development of improved flow measuring devices and methods

is also included herein. The responsibilities of these agencies include
measurement of water, so they are familiar with flow measurement needs to
fulfill their own objectives. In a few cases, these needs include measure-
ment of stormwater and combined sewage. Contacts with key personnel of the
agencies were made by personal interview, by telephone, and by letter.

CHARACTERIZATION AND TREATMENT OF COMBINED SEWER OVERFLOWS

Reference (73) describes a study whose general objectives were: (a) to
develop workable systems to manage overflows from the comblned sewers
of San Francisco, thereby alleviating pollution and protecting bene-
ficial uses of local receiving waters, and (b) to provide the rationale
and methodology for controlling pollution from combined sewer overflows
in other metropolitan areag of the United States.

Data collectlon for the project included measurement of dry weather
flows of the Selby Street and Laguna Street trunk sewers and measure-
ment of storm overflows from the two seweras. ZEight storm overflows
were monitored at the Selby Street outfall and two were monitored in the
Laguna Street outfall. Monitoring included measurement of rainfall and
discharge as well as the quality characteristics of the overflows.

The tracer dilution method was selected for use in measurement of dry
weather flows. Pontacyl Brilliant Pink B fluorescent dye was used for
the tracer, and quantitative analyses for the tracer were made with a
Turner Model 110 Fluorometer. Selectlon of the tracer was based on the
following advantages:

a. Only small quantities of dye are requlred because precise
determination of the dye concentration 1s poasible at

10-3 mg/f. Thus cost and quantity requirements are reduced.
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b. In most sewage flows the "background" of this particular
dye 1s not significant. The amount of tracer does not
have to be materially increased in order to eliminate
spurious background effects.

c. The tracer is mot significantly affected by the presence
of materials normally found in sewage.

Use of the dilution method did not prove satisfactory for measurement
of the Selby Street overflow. Uneven distribution of the tracer when
Injected resulted from exposed sludge banks, and there was insufficient
turbulence for adequate mixing of the dye. Because of the resulting
lack of reliable data, a Palmer-Bowlus flume with a 1.22m (4 f£t) throat
and 15 cm (6 in.) invert slab, constructed from 16 gauge galvanized
sheet metal was inatalled. A continuous record of the upstream water
level was obtained by mounting a Stevens water level recorder, operated
by float, in a stilling well constructed of sandbags.

"Becawse of adequate mixing below the point of dye infection, the
Lruacer dilution method gave consistent results at Laguna Sireef and no
othen method was used for fLow determination."

Because of generally unsatisfactory conditions, several methods were
used for the measurement of storm flow in the Selby Street outfall
structure. These were:

a. Velocity determination with current meters at a point 15m
{50 ft) above the outfall structure. WNot considered to
yield reliable data as the meters were immediately fouled
with rags and other debris.

b. Differential head measurements over the broaderested weirs
of the outfall structure. Because of expected interfer-
ence by tide gates, the theoretical head-discharge rela-
tionship for a broad-crested welr of similar shape was
uged for comparison purposes only,

¢. Measurement of surface velocities in the outfall structure
by timing the traverse of styrofoam floats across a meas-
ured coantrol section. A factor of 0.64 was applied to
surface velocitles to convert to average velocity, thus
accounting for both horizontal and vertical velocity
distributions.

d. Measurement of vertical velocity profiles in the outfall
structure with an especlally designed current meter having
low velocity sensitivity. Thils was to establish discharge
values under low head conditions and to check the results
of the surface velocity determinations.
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Water levels in the outfall structure were continuously measured by
means of a "bubbler" gage. A rating curve was developed from the re-
sults of the surface velocity determinations and the current meter
measurements in the outfall structure. A theoretical curve computed
from the broadcrested weir formula was approximately 10% larger than
thils developed curve.

Flow determinations in the Laguna Street overflow were made by meas-
uring the depth of flow at the outfall gewer and calculating the dis-
charge by means of the Manning equation. Use of the Manning equation
was sald to be justified because the slope of the outfall sewer is
known, and a uniform reach extends about 210m (700 ft) upstream from
the poilnt at which depths of flow were determined.

STREAM POLLUTION AND ABATEMENT FROM COMBINED SEWER OVERFLOWS - BUCYRUS,
OHIO

Reference (74) contains the results of a detailed engineering investi-
gation and comprehensive technical study to evaluate the pollutional
effects from combined sewer overflows on the Sandusky River at Bucyrus,
Ohio, and to evaluate the beneflits, economics and feaslbility of alter-
nate plans for pollution abatement from the combined sewer overflows.

A year-long detailed sampling and laboratory analysis program was con-
ducted on the combined sewer overflows in which the overflows were meas-
ured and sampled at three locations, comprising 64% of the city's
sewered area, and the river flow was measured and sampled above and be-
low Bucyrus., ‘

Dry weather wastewater flow measurements were taken of the discharge
from three sewer districts, the influent and effluent of the wastewater
treatment plant, and the Sandusky River at upstream and downstream
gages. A welr was installed in each of the three trunk sewers, a

90° V-notch weir, a 61 cm (24 in.) rectangular weir, and a 46 cm

(18 in.) rectangular weilr. For two days of the investigation, flows at
the weirs were measured and sampled at 15-minute intervals for 24 hours,
The Sandusky River, upstream and downstream, was measured and sampled
at one-~hour Intervals for 24 hours. Also, the wastewater treatment
plant influent and effluent were sampled at one~hour intervals and flow
measurements taken from the plan records. WNo problems with equipment
for measurement of dry weather flows were indicated.

To measure overflow during rainfall, rectangular welrs were built at
each of three overflow points. The welrs were constructed of one-inch
plywood, which was bolted onto (steel) angles imbedded in concrete.
The weir plates were 2.4, 4.9, and 3.0 meters (8, 16, and 10 ft) long
for Numbers 8, 17 and 23 overflows, respectively.

Water level recorders were mounted in instrument shelters 107 cm

{42 in.) behind the weirs. The recorders were Stevens Type F Recorder,
Model 68, with a 24 cm (9.6 in.) per day time scale and a 1:2 gage
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scale. All recorders were equipped with automatic starters which would
start the clocks at predetermined water levels.

A continuous record of flow in the Sandusky River above and below
Bucyrus was obtailned for the study perlod. An existing recording gage
operated by the U.S. Geological Survey located at the first bridge be-
low the wastewater treatment plant was utillzed for downstream flow
megsurementsa., A new gaging station was installed on the river 91m
(300 ft) upstream from the first overflow point of the combined sewer
system. A rating curve for the gage was plotted using standard gaging
techniques. The recorders used at both gaging stations were the
Stevens A35, with 1:6 gage scales. The time scales for the gages were
12.2 and 6 cm (4.8 and 2.4 in.) per day, for the upstream and down-
stream gages, respectively.

No specific problems with flow measurement equipment were reported.
However, a tabulation of overflows indicates that no record was ob-
tained at Numbers 8 and 23 overflows during some periods. Reasons for
this loss of record were not given, WNo check on the accuracy of the
records was made available.

ENGINEFRING INVESTIGATION OF SEWER OVERFLOW PROBLEM - ROANOKE, VIRIGINA

Reference (75) reports on the results of investigations of 257% of
Roanoke, Virginia's separate sanitary sewer system, on the amounts of
infiltration for varilous storm intensitles and durations, and on the
amounts of sewage overflow from the system.

Flows in three sanitary sewer interceptors, and streams draining the
corresponding basina, were gaged during storm events to measure infil-
tration and runoff quantities and to establish theilr relation to rain-
fall intensities and durations. After significant wvariation in dry
weather flows was observed, contilnuous monitoring of flows in the in-
terceptors was maintained. Overflows bypassing the Water Pollution
Control Plant were measured during rainfall events.

Sharp-crested welrs were used to measure flows in two of the streams,
In the third stream, a stage-discharge curve was developed from the
Manning formula using the measured hydraulic characteristics of the
stream. In two of the interceptor sewers, and in the Water Pollution
Control Plant overflow, a stage-discharge curve based on the Manning
formula and the measured hydraulic characteristics of the sewer were
used to convert depth measurements to flow estimates. 1In the third
interceptor sewer, dry weather flows were estimated using the Manning
formula, but during rainfall events the sewer became surcharged and
overflow was measured by means of a wedir installed in the side of the
marthole wall.

No problems with use of the streamflow measurement devices and methods
were noted. However, accuracy of measurements with use of the Manning

379



formula in the natural stream channel photographed must be considered
very poor. A photograph of one of the welrs used for streamflow meas-
urement shows a significant accumulation of trash and debris on the
welr. Under this condition, accuracy must be considered poor. Hydro—
graphs indicated that two of the interceptor sewers were surcharged
during many of the storms, and a record of discharge was not obtained
during those periods.

Water levels at the gaging sites were recorded by means of gix float~
actuated, continuous water-level recorders manufactured by the Instru~
ments Corporation (now a part of Belfort Instrument Company}, and one
pressure type recorder manufactured by the Bristol Company. After the
float-actuated recorders were serviced and supplied with an expanded
time scale, they performed satisfacterily for the duration of the pro—~
gram. During dry-weather periods, the bubbler pipe in the Bristol re-
corder collected debris and required frequent cleaning. Because of
this maintenance problem, it was replaced with .a float-actuated, con-
tinuous water-stage recorder.

COMBINED SEWER OVERFLOW ABATEMENT ALTERNATIVES - WASHINGTON, D.C.

Reference (76) reports on a project whose objectives were to: (a) de-
fine the characteristics of urban runoff in the subject area; (b) in-
vestipate the feasibility of high-rate filtration for treatment of
combined sewer overflow; and (c) develop and evaluate alternative meth-
ods of solution.

Investigative activities included field monitoring of combined sewer
overflows at two sites, and of separated stormwater discharges at one
site. The monitoring program was conducted over a period of about
six months, April 1 to September 23, 1969,

Selection of a satisfactory techmique for flow measurement presented a
problem. Wedrs were not used because backwater elevations would have
caused surcharging and flooding at the expected high flow rates.

Depth of flow measurements with the use of a steady state empilrical
equation such as the Manning equation for calculating flow was not used
because flow conditions were not steady state during periods of storm
runoff. The method selected was use of lithium chloride as a tracer

in a procedure similar to that of the salt dilution method (continuous
injection type). Use of a lithium salt is said to improve the techni-
que because the background of lithium in wastewater is usually low, and
because lithium concentrations at fractional parts per million levels
can be accurately and conveniently determined by atomic absorption or
flame emission spectroscopy. The slope—area method was used as a check.

A number of difficulties experienced in use of the equipment resulted
in loss of flow record during several major storms. Greatest trouble
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was In clogging or damage to the submersible pump used to collect sam-
pPles of wastewater required for measuring lithium chloride concentra-
tion. Flecoding of one of the lithium chloride release stations caused
damage to the bubbler instruments used to measure water stage, to the
lithium chloride release system, and to other equipment.

Flow rate estimates based on depth-of-flow measurements and the Manning
formula were compared with results of the tracer method. Only a very
general correlation with significant spread resulted. Large differ-
ences In flow were attributed to inaccurate measurement of depth of
flow and the assumption of steady-state conditions inherent in Man-
ning's formula.

URBAN RUNOFF CHARACTERISTICS

Reference (77) is an interim report on investigations for the refine-
ment of the comprehensive EPA Storm Water Management Model.

"Detfailed information on the watenshed characteristics and data on run-
0f4 quantity and quality have been compifed grom a one year study of a
combined sewen watershed of approximately 2380 acres in Cincinnatd,
Ohio. Collection of these dafa L5 planned Lo continue over a thiee
year period."

Flows at three sites in the sewer watershed were monltored. At two of
the sites, flow was actually measured in two tributary sewers Immedi-
ately upstream from thelr junction. The third site was at the outlet
of the watershed; thus, five sets of flow measuring equipment were
used.

"The {Low measuring apparatus consists of a comphesson, a manometer,
and a Taylorn pressune~type heconder. This neconden operates by meas-
wiing the pressure due fo the depth and veloeity of waten flowwng Ainfo
the pipe by bubbling air through a Long fube insented into the water.
The gage heleases air at a constant pressure and as the depth and the
velocity of fLow changes, the pressure differential L& reconded on a
cineuwlar charnt in inches of watern, This pressure differential is act-
ually the specific energy which is equal to the sum of the pressure
head {depth of gLow y) and the velocity head WZ/ZQ). To obtain nead-
ALy the discharge cornesponding Lo Lhe measured specific enengy,
Manning's equation hds been used 1o express the depth and fthe vefocity
of flow as functions of ihe discharge and the hydnaulic radius of the
seweh crnoss seetions.™

Thus, curves have been calculated relating the measured specific energy
and the corresponding discharge at the five measured locationms.
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Apparently, the value of slope used in the Manning formula was that of
the sewer line at each of the five measuring sites. A photograph in
the report shows a heavy, metal, top-hanging gate at the outlet of the
sever watershed. The outlet flow monitoring site is described as about
6ém (20 ft) upstream from this gate. If this is the case, flow past the
site probably would not be uniform, and the Manning formula would not
be applicable.

Flows in the two pairs of sewers just upstream from their junction with
the two sewers to be monitored would be controlled by the slopes of
each of the two monitored sewers rather than the slopes of the four
tributary sewers immediately upstream, which were the slopes in the
Manning formula to compute flow. In any case, water surface slope is
more properly used with the Manning formula than is the sewer slope.

Plotting of storm hydrographs for the measured sites discloses a number
of serious iInconsistencies In the data.

STORM AND COMBINED SEWER POLLUTION SOURCES AND ABATEMENT - ATLANTA |
GEORGIA

Reference (78) reports on a study of six urban drainape basins within
the City of Atlanta, Georgia, served by combined and separate sewers,
to determine the wmajor pollution sources during storm events. Rain-
fall frequency analysis and simulation techniques were utilized to ob-
tain design criteria for alternative pollution abatement schemes.

Measurements of flow were made of three major overflows, as well as of
the interceptor sewers originating at these points of overflow. Three
branches of South River were measured, as was the South River main
stream at four points. A bypass at the interceptor entering one of the
wastewater treatment plants was measured.

Data were collected from January 1969 until April 1970. Continuous
flow monitoring was maintained at the river and its tributary stations,
and In the interceptors where dry weather flow characteristics were of
interest. Event monitoring only was conducted of overflows and of the
bypass to the treatment plant.

Rating curves for all gaging stations were developed by stage-discharge
measurements with current meters. Either Price Type AA or Pigmy Type
current meters were used. Some discharge measurements were verified

by alternate methods or formulas, but results of these verifications
are not given.

Stevens Type F water level recorders were used throughout. Gaging sta-
tione were reported to be constructed In accordance with established

U.8. Geological Survey practice. For flow level recording at intercep-—
tors, scow floats were installed at manholes a short distance downstream
from regulators.
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Although probable accuracy of the records collected was not reported,
an indication of their accuracy is available, based on one of the gag-
ing stations in the project which was operated by the U.S. Geological
Survey., This station, having a drainage area of 3.86 sq km (1.49 sq
mi), had been operated since October 1963, or for more than six years.
The greatest flow measured by current meter during the period was

5947 1/s (210 cfs), but the rating curve was extended to 23,220 l/s
(820 cfs) by computation of flow through a culvert. Records at the
station are stated by the USGS as poor, with no qualification.

STORMWATER PROBLEMS AND CONTROL IN SANITARY SEWERS ~ OAKLAND AND
BERRELEY, CALIF,

Reference (79) describes an engineering investigation conducted on
stormwater infiltration into sanitary sewers and assoclated problems in
the East Bay Municipal Utility District, Special District No. 1, with
assigstance from the cities of Oakland and Berkeley, California. Rain-
fall and sewer flow data were obtained in selected study sub-areas that
characterized the land used patterns predominant in the study area.
Results obtained were extrapolated over large areas.

Palmer-Bowlus flumes were installed at three of the ten metering sta-
tions established specifically for the study. These flumes were con~
structed of stainless steel and were designed to f£it the respective
sizes and shapes of the sewers. They were mounted in the outlet sewer
from the manholes so that head measurements could be made at the proper
distances upstream from the throats. Wooden channel extensions through
the manholes were installed to prevent water spreading out in the manhole
as depth in the sewer increased.

At seven of the new metering stations, 90-degree, V-notch weirs were
installed. These were constructed of marine plywood and covered for
additional water resistance with two coats of polyurethane finish.

For ease of installation, a channel closure was provided so that it
could be easily slipped down into the flowing sewage and quickly bolted
in position after Installing and sealing the actual weir plate.

Stevens type 2A35 water stage recorders were used at three weir loca-
tione where submergence of the weir was anticipated. These recorders
were selected for the ability to record two liguid levels simultaneously,
upstream and downstream from the weir.

Taylor pressure recorders were installed at the other seven new meter-
ing stations. With these recorders, liquid level sensing consists of
measuring the back pressure from a continuously purging nitrogen gas
bubble system.
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In several casges, equipment was installed in manholes near the centers
of streets, thus complicating the installation and use of equipment.
Othierwise, no problems were noted with the use of the equipment at the
newly established statioms.

The flow rate at two pumping stations was determined by means of a
gystem—head curve for the station which gives the discharge rate for
each pump or ccmbination of pumps. A recording ammeter was attached to
the pump electrical leads to Indicate the total number of pumps running
at any given time. Relilef overflow at one of these pumping stations
was measured by means of a broad-crested welr and a wet-well liquid
level recorder.

A third pumping station was equipped with both a wet-well liquid level
recorder and a flow recorder. The primary device for the flow recorder
was a venturi flow tube mounted on the discharge manifold of the pumps.

The influent pumping station at the water pollution control plant was
equipped with individual flowmeters on each pump discharge which were
connected to a combined flow recorder. The primary devices for the
flow recorder were the discharge weirs in the grit chambers which re-
flect the respective pump discharge rates.

A pumping station relief overflow structure was provided with a flow
measuring device for measuring the volume of water that overflowed.

The flow measuring arrangement consisted of measuring the liquid levels
on both sides of a rectangular tide gate and extracting the flows from
the manufacturers rating curve, Because of difficulties In installa-
tion and operation, no usable flow measurements were obtained during
periods of overflow.

DISPATCHING SYSTEM FOR CONTROL OF COMBINED SEWER LOSSES

Reference (80) describes a regulator control system which is said to
demonstrate impressive reductions in combined sewer overflow pollution
of the Missiesippl River in Minneapolls and Saint Paul.

A mathematical model has been prepared that will, using rain gage data
for inputs, (a) perform rainfall runoff analysis; (b) divert combined
sewer runoff hydrographs at the regulators; and {c) route the diverted
hydrographs through the interceptor system. This model will assiat in
operation of the system to retain combined sewer flows and utilize the
maximum flow capacity of the existing interceptor sewer system,

The project includes a computer-~based data acguisition and control sys-
tem that permits remote control of modified combined sewer regulators.
Data from raln gages, regulator control devices, trunk sewers and in-
terceptors, and river quality monitors provide real-time operating
information.
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Water surface elevations in the system were monitored at about

48 points by the installation of bubbler gages employing a pressure-
carrying tube installed in the sewer, an alr-supply cylinder, a bub-
bler, a pressure transducer, and a telemetry unit for transmitting data
to a central lecation. Thils equipment provided information on the fre-
quency and duration of overflows. Because flow rate was not measured,
data on the volume of overflows were not thus determined.

Flow in each of the three Minneapolis interceptors at the
Minneapolis-St. Paul city line; was metered by dual venturi meters in
each interceptor. This equipment, which was in use prior to the sub-
ject study, provides information on the effectiveness of the program to
use the interceptors for temporary storage of combined sewage. Flow
data in the interceptors served to provide a check on the accuracy of
rainfall runoff modeling, Probable error of flow measurement by the
venturi-meters was not discussed.

PRECONSTRUCTION EVALUATION OF COMBINED SEWAGE DETENTION FACILITIES

Reference (81) presente the result of a lengthy study of combined sewer
flows in SHomersworth, New Hampshire prior to construction of detention
facilities. "In order fo gef reasonably accurate and neliablfe {Low
measurements {i was necessany fo heplace a section of the outlfall with
a welin pit Large enough Lo provide a fain amount of ALLLEing behind Zhe
welr.”" This weir pit was 1.8 x 1.8 x 7.5m (6x6x24.75 £t), and the weir
was located 5.6m (18.33 ft) from the inlet.

Three different 0.63 cm (1/4 in.) thick steel plate rectangular weirs
with crest lengths of 0.3, 1.2, and 1.7m (1, 4, and 5.6 ft) were used,
the 1.2m (4 £t) one being employed for all but three wmonths of the
year-long study. The design was such that the different welrs could be
changed easily in several minutes. The maln difference in the 1.Z2m

(&4 ft) welr was that its crest was elevated 1.2m (4 ft) above the floor
of the welr pit as opposed to 0.76m (2.5 ft) for the other two. This
weir was constructed after initial operation with the 0.3 and 1.7m

(L and 5.6 ft) welrs, and "observation of high flow rates using the
5.6' welr indicated that 1t was desirable to increase the stilling in
the weir pilt by raising the crest height."

"Head measurements over the 12" and 5.6 weins were made using an ait
operated Fischer and Pornter recorder. A {Loat operated transmitier and
necorden manufactured by the Penn/Measure-Rite Division of Badger Metenr
Manugacturing Company was uded for head measurements over the 4' weinr.
Both recorders were sext up Lo use 24 houn, 12" diamelen charts, The
Fischen and Pornten neconder chanits had a hange of 0 Lo 20 inches of
head, c;;nd the Penn/Measune~Rite Recorden chants had a range of 0 to

30 inches.
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"Flow Ainto the weir pif was Such that some furbufence was created in
the wein pit. This caused the flow recorders to print out head meas-
wiements in shont vertical stnokes instead of a smooth Line. This con-
dition was cornected as much as possible by the addition of the 4' wein
which had a crest 18" highen than the 12" and 5.6" weins. The added
depth of water in the wein pit tended to keep the Zwibufence at a
mepAmum.

Studge build-up behind the weins did noit appear 1o upset the hydraulic
chanaetenistics of the weins, Howevenr, before any sampling proghams
were undertaken, the sfudge build-up was totally removed grom behind
the weins in ondern to obifain accurate chemical and bioLogical charac-
tenistics of the combined sewage ffow. The actual sfudge build-up
would occur within a couple of days aftern the instatlation of a weir.
The majornity of sfudge in this combined sewage glow consisted of grit
with a small percentage of organic matter.”

Head measurements were "... converted to flows using appropriate for-
mulae for the rectamgular welrs used in the weir pit." By this it is
assumed that the Kindsvater-Carter equation was used rather than the
Francis formula, which would require corrections for both less than
standard contraction and veloecity of approach much of the time. For
example, at the maximum head of 0.6m (2 ft) on the 1.2m (4 ft) weilr
(any greater head would overflow the 1.8m deep weilr pilt) the Kindsvater-
Carter equation indicates a discharge of around 91 MLD (24 MGD), whereas
the uncorrected Francis formula yields approximately 83 MLD (22 MGD), a
10% difference. The maximm discharge for the 1.7m (5.6 ftr), as com-
puted assuming the recorder's full 51 em (20 in.) of head was used, is
approximately 98 MLD (26 MGD). Maximum flow rates recorded with the
1.2m (4 ft) welr of from 99 to 148 MLD (26.2 to 39.0 MGD) are reported
but not explained. It is possible that the 148 MLD (39.0 MGD) dis-
charge was estimated but not so indicated. The point is that high ac-
curacles should not necessarily be expected with the given installation
at the higher flow rates.

URBAN STORM RUNOFF AND COMBINED SEWER OVERFLOW POLLUTION - SACRAMENTO,
CALIFORNIA

Reference (82) contalns the results of a program to develop a general
method for determining the extent of pollution resulting from storm-
water runoff and comblined sewer overflows occurring in an urban area,
and the application of this method to the City of Sacramento, California,.

Comblned sewage and stormwater in the system were characterized by col-
lecting samples and measuring flows at each of 19 sampling locations
during six wet weather periods. The intention was to collect, as nearly
as practical, at the commencement of rainfall, three hours thereafter,
snd approximately 12 to 18 hours after the commencement of sampling.
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However, comparison with rainfall records indicates that the first data
of each storm period were not collected until the time of maximum rain-
fall intensity, or later.

The wastewater flows were established at manhole sampling stations by
use of the Manning formula. The coefficient of roughness was assumed
to be 0.013, a design value used by the City of Sacramento Engineering
Department. The value of S used was the measured slope of either the
water surface or the invert. Because of difficulties in making the
required measurements for determination of slope, flow data at three of
the stormwater runcff sites are not considered to be reliable. None of
the computed wastewater flows at manhole sampling stations were checked
by means of flow measurement equipment.

For design purposeg, the peak stormwater runoff flow in each of the in-
dividual pipes comprising the Sacramento collection and conveyance sys-—
tem was estimated from rainfall records by use of the rational method.
These estimated flows for a full pipe condition can be checked at three
locations with computed flows at the manhole sampling stations. They
differ with the computed flows by -6, +4, and -32 percent. This agree-
ment 1s exceptional, particularly as these are the three locations where
the computed flows are not considered to be reliable.

STORAGE AND TREATMENT OF COMBINED SEWER OVERFLOWS

Reference (83) describes a project to demonstrate the feasibility and
economic effectiveness of a combined wastewater overflow detentlion basin.

"A paved asphalit detention basin with a stonage volume of 8.66 acre~-feet
was condtructed at Chippewa Falls, Wisconsin to receive overnglow from a
90~acne combined sewen area including all of the central business dis-

tiict, The system was designed s0 that the stored combined sewage could
be pumped fo the wastewatern theatment plant when precipifation subsided.

Duning 1969, due to dny weathen, the pond received onby sixteen dis-

es, but completely §illed fwice and overflow fo the aiver occuwrred.
Durning 1970, there wene 46 dischanrges and the pond §i€Led once, over-
glowing to Zhe niver. Oven the Awo yean penriod, 37.75 mitlion gallons
of combined sewage (93.7 percent of the tofal discharge volume) were
withheld grom the river fon subsequent treatment."

Overflow from the combined sewer area to the detentlon basin was meas-
ured by a Palmer-Bowlus flume installed in a 198 cm (78 in.) reinforced
concrete pipe. The flume was designed as outlined by Ludwig and Ludwig
(33). It was fabricated of steel, and installed in the concrete pipe
as it was laid. Space between the flume and pipe was grouted.

A Stevens Type A35 water-level recorder with a& scow float was installed
in the pipe to measure head on the flume. The chart time scale was

73.2 em (28.8 1n.) per day and the gage scale was 1:6. The volume dis-
charged into the pond was computed from the recorded head on the flume
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and a rating curve for the flume, which was approximated in four linear
sections. Discharges indicated by rainfalls on eleven different occa-
sions were missed due to the recorder belng out of order. Thus, eleven
percent of the runoff events were missed.

Overflow from the pond to the river was measured by a 6.7m (22 ft) long
sharp crested welr located in the overflow structure. The weir head was
measured by a Stevens Type A35 water-level recorder with a cylindrical
float. The chart time scale was 24.4 cm (9.6 in.) per day and the gage
scale was 1:6. The recorder was out of order during one of the three
overflow events which occurred during the period of project operation.

Flows to the wastewater treatment plant .were measured by a meter in the
plant which was not described. Apparently, thils record is complete.

A THERMAL WAVE FLOWMETER FOR MEASURING COMBINED SEWER FLOWS

Reference (64) 1s a final report for a project to study the application
of thermal techniques to the measurement of flow rates in combined sew-
ers. The volume flow rate was to be computed as the product of average
flow veloclty in the sewer, and cross-sectional area of flow as deter-
mined from a stage measurement.

The use of flush-mounted hot wire or hot fllm anemometers in a direct
reading mode for measurement of average flow velocity was extensively
investigated. It wae concluded that application of hot film anemometry
technigques to commercilal application of measuring sewer effluent for ex-
tended perlods of time was not feasible. Major reasons for this con-—
clusion are: (a) changes in calibration occur due to contaminatilon
film build-up; {(b) breakdown of protective coatings over long perilods of
time; (¢) change in calibratlon that occurs due to dissolved gases
coming out of solution and depositing on the film element as bubbles;
and (d)} the physical vulnerability of available probe configurations
combined with the difficulty of continuously measuring average velocity.

The thermal wave flow measurement system as developed lncorporates five
thermal sensors mounted on the inside periphery of the pipe. Measure-
ment of the average flow velocity in the pipe 1s obtained by averaging
the longitudinal propagation velocities of the five thermal waves gener-
ated at the five symmetric peripheral positions. Tests of a prototype
unit indicated that this configuration does not provide signals which
have adequate precision to measure fluld flow with the desired accuracy.
The dissipation of heat was determined to be qulte large, as was the
ratio of the average stream velocity to the apparent boundary layer
velocity.

The stage measuring system utilizes an electronic liquid level gage
which consists of two solld rods formed to fit the inside curvature of
the sewer pipe. One rod is driven by an electrical signal, and the
other rod acts as a variable tap whose output varies as a function of
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water level. The instrument 1is capable of accuracles better than 1 per-
cent of full scale. This 1s a commercially available system manufac-
tured by Marsh and McBirney, Inc.

WASTEWATER FLOW MEASUREMENT IN SEWERS USING ULTRASOUND

Reference (84) describes the use of newly developed ultrasonic velocity
measurement equipment in conjunction with ultrasonic level measurement
equipment for the measurement of sewage flow.

"Each of two existing (combined) sewerns .in the M{lwaukee [Wisconsin)
Sewerage System, one 12-1/2 £ and the other 5 §f in diameter, were
thus equipped initiafly. Subsequent discovery of an excessive amount
of entrained ain at the 12-1/2 §£ diametfer sewer sitfe necessitated the
Prans ferral of that equipment Lo a more favorable Location upsiream in
a 12-foot diameter sewern. Perforumance of the ultrasonic meterns was
compared with othern metering devices at each of the Locations. Rela-
Lionships between average volume §Low, water Level, and average velfoc-
ity along selected horizontal chonds of the sewer cross sections were
defermined. A continuous necord of §Low was displayed and necorded.
The unit installed in the 5-foof diameter sewen has operafed for a pe-
riod of 18 months without failure and has requinred only rowtine main-
tenance. Similarly the relocated unit installed at the 12-foot diame-
Zon sewer sifte has operated without failure since its instaklation. No
deterioration of the ultrasonic thansducer probes has been defected o
date indicating their suitability for use in the sewer environment. The
efectnonics of the ultrnasonic velocity metfering unit were modigied Zo
Anclude peak protection, automatic gain control, and automatic iriggen
controd to minimize the effects of variations in the solids Loading."

Further observations concerning use of the ultrasonic equipment are as
follows:

a. S8imllar equipment has been used in Japan to successfully
measure full pipe flow of return sludge with high solids
loadings. For practical line dlameters, say from 0.2 to
5m (0.5 to 16 ft), no operational limitations due to sus~
pended solids would be expected.

b. Entrained air hubbles were found to cause operational
problems because of dissipation of the ultrasonic pulse
due to scattering by the bubbles. Therefore, it is
recommended that measurement sites be selected which are
reasonably free of severe upstream agitation which would
cause air entrainment.

¢. Difficultles with level gage performance resulted from
standing ripples in the sewage surface which interfered
with echo returns. This was alleviated by moving the
level sensor a few feet to a point where the sewage sur-
face was more still.
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d. Comparative figures of flow as measured by the ultrasonic
equipment with those measured by other metering devices
are not given for the demonstration sites described.

e. Total system cost for each site was about $15,000. Fu-
ture simplifications of the ultrasonic circultry made
possible through more extensive use of integrated cir-
cuits have the promise of reducing this system cost by
a factor of two or three.

BIOLOGICAL TREATMENT OF COMBINED SEWER OVERFLOW AT KENOSHA, WISCONSIN

Reference (85) describes the design, construction, operation and two
year evaluation of a biological process used for the treatment of po-
tential combined sewer overflow. A 76 MLD (20 MGD) modified contact
stabilization process plant was constructed on the grounds of the city's
existing 87 MLD (23 MGD) conventional activated sludge plant at a totel
cost of 1.1 million dollars.

"Durning 1970 while design and construction of Lhe demonstration Sys-
Lem facilities was cceuwrring, a progham to determine the quality of
the combined sewen overflows in Kenosha was cawrnied out. This included
measurement of nainfall, combined sewer overglow quantity and quality,
and ingluent quality o the WPCP (waten pollution control plant) during
haingalls. "

Flow measurement equipment was installed in the outfall 1lines of three

overflows, known as the 57th Street, 59th Street, and 67th Street over-
flows. Depth recorders Installed were operated on a differential pres-
sure basis.

"Inent nitrogen gas was introduced into fubing which ran between the
neconden and the bottom of the outfall sewer. As the ffow {head) 4in
the sewer increased, the nithogen escaping from the end of the fubing
An the sewer was decreased, proportional to the depth of flow, causing
the presswre within the tube to increase. This incheade in presswre
was convernted fo depith neadings and reconded on a circular chart. The
chart was divided into 24 equal sections and driven by an & day clock."

Depth-discharge relationships were developed for the three overflow
lines by means of dye tests. However, no details of the test proce-
dures were given.

As a result of an unsuccessful attempt to correlate rainfall volumes
with overflow volumes, it was disclosed that the overflow measuring

devices were of questionable accuracy. In some cases, the volume of
overflow measured exceeded the volume of rainfall over the combined

sewer area. Apparently, the depth-discharge relatlonships were not

accurate and so the overflow data were not used.
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Measuring sites at the 57th Street and 59th Street overflows were aban-
doned in 1972. The depth recorder at the 67th Street site was moved
upstream above the weir diverting flow to the interceptor sewer. The
end of the bubble tube was placed just upstream from the overflow
mechanism, and a formula for broad-~crested weilrs was used to convert
level over the welr into flow rates and volumes. Flows computed in
this manner were used to estimate the total volume of overflow to the
demonstration treatment plant.

FLOW AUGMENTING EFFECTS OF ADDITIVES ON OPEN CHANNEL FLOWS

Reference (86) describes some laboratory experiments conducted to study
the effects of polymer additives on open channel flows. Two sheet
steel chammnels 18m (60 ft) long and painted initially with epoxy paint
(n=0.009) and later with a sand and paint mixture (n=0.013) were used
in the tests. One channel was rectangular with a bottom width of 15 em
(6 In.) and a side length of 15.2 cm (6 in.) while the other was trape-
zoidal with a bottom width of 12.7 em (5 in.), a 60° interior angle,
and a side length of 15.2 cm (6 in.). Slopes could be adjusted to O,
1, 2, 3, and 4X%.

A series of tests was conducted to determine the effects of a polymer
additive on four types of flow measurement devices. A Parshall flume,
90° V-notch weilr, and suppressed rectangular weir were adapted to the
smooth~wall rectangular channel and tested at a 1% slope, while a
Leopold-Lagco flume and a 90° V-notch welr were tested in the smooth-
wall trapezoldal channel at a 2% slope. No silzes are given for any of
the flow measurement devices, nor can they be estimated from a photo-
graph in the report except to mote that the crest height of the rec-
rangular weilr is low (perhaps 20% or less of the channel depth) as 1s
that of the V-notch wedr for use in the trapezoildal channel. Con-
versely, the V-notch in the weir used in the rectangular channel appears
to "run out” at the top of the channel.

The general procedure followed was to calibrate each device in place
using tap water, and then to inject the polymer to yield a predeter-
mined concentration and develop a new calibration curve. Head was
measured using a pointer gage "usually at the inlet to the device".

A stop watch, 19£ (5 gal) bucket, and scale were used to determine
flow rates under 570 £/m (150 gpm) (where most of the data were taken),
while an orifice meter was used for higher flow rates.

Calibration of all devices was affected by the addition of polymers.
The Parshall flume was least affected, while the V-notch weir suffered
a greater calibration curve shift (e.g., discharge could be understated
by over 507% of all but the lower flows). The Leopold-Lageco flume and
the rectangular weir ceased to be effected as flow measurement devices
above a transition flow rate. The data are Inconclusive, but indicate
that polymer additives can affect primary flow measuring devices and
point out the need for careful research in this area.
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SURGE FACILITY FOR WET AND DRY WEATHER FLOW CONTROL

Reference (87) represents the culmination of a 3-year demonstration
project which encompassed the design, construction, operation, testing
and evaluation of a surge facllity designed to provide flow equaliza-
tion and some degree of treatment to all storm flows and to provide
rate control of all wet weather and dry weather wastewater flows to
interceptor sewers.

The principal elements of the facllity are a sedimentation-equalization
basin, a clarifier, a storage pond, a chlorine contact basin, and a
sludge digester. Flow and hydraulic measurements include: (a) influ-
ent to the sedimentation-equalization basin; (b) underflow from the
sedimentation-equalization basin to the clarifier and the storage pond;
(c) overflow from the sedimentation-equalization basin directly to the
storage pond; (d) water surface elevation of the sedimentation-
equalization basin; and (e) effluent to the chlorine contact basin and
the recelving stream.

The influent metering structure is a Parshall flume with a 0.30m (1 ft)
throat width having a maximum capacity of approximately 30 MLD (8 MGD).
The influent flow transmitter to the control building can be used to
control a flow proportional sampler of the influent.

Underflow from the sedimentation-equalization basin is measured with a
15/2 cm (6 in.) magnetic flowmeter. The underflow can be set at any
desired rate up to 8.7 MLD (2.3 MGD).

Overflows from the basin are measured by four sharp-crested rectangular
welrs, totaling 2.54m (100 in.). Head on the weirs, and the water sur-
face fluctuations in the sedimentation-equalization basin, are monitored
wlth a Stevens Type F water—stage recorder. Time gears were selected to
give an 8-day chart, and stage gears were selected to give an indication
of 0.06m/em (0.5 ft/in.) of chart or 0.012m/cm (0.1 ft/in.) of chart,
depending on the depth variatilon expected during any particular testing
period.

Effluent from the facility is measured with a combination of a 15.2 cm

(6 in.) Parshall flume and a 137 cm (54 in.) sharp-crested rectangular

weir. The two flow measuring devices are set to glve a combined capac-
ity of 22.7 MLD (6 MGD), The effluent flow transmitter can be used to

control a flow proporticnal sampler of the effluent.

No discussion of problems with flow measurement egquipment is given in
the report. Flow data presented in the report appear to be complete
and accurate. "With the ingluent and underglow metlened and the water
surface monitorned continuously, it was nelatively easy to produce a
uniform underflow rate during nommal dny weathern §Low periods while
maintaining a desined variation in water sunface and preventing oven-
§low fto the sitorage pond."
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A PORTABLE DEVICE FOR MEASURING WASTEWATER FLOW IN SEWERS

Reference (88) is a final report of a program to develop a portable
device capable of measuring wastewater flow in sewers. The work con-
slsted of: an investigation of the theoretical approach to be used;
laboratory investigations and experiments to develop design criteriaj
design and fabrication of two prototype units;' and f£ield testing and
evaluation of thesge units.

Methods investigated for determination of velocity in the sewer, prior
to gelection of the heat pulse method for development, are as follows:

a. Capacitance - Alr Bubble Method

This method depends upon the electrical capacitance of
the wastewater flow crogs—section and the effect on this
capacitance of the displacement of air bubble tracers as
they rise and are swept downstream past a capacltor
plate. This approach failed due to "background nolse"
and, at low velocltles, due to too rapid rise of bubbles
in the flowing water.

b. Inductive Method

"Utilizes a drnive coil external to the pipe fo create an
audio frequency magnetic giefd. The magnetic field, .in
twwm, Ainduces an eddy cuwrwrent in any nearby conducfox,
such as the watern in the pipe. This eddy cuwwient can be
detected by sensitive pickup coils Located nearn ihe pipe
Anvert, If the water is moving, the signal detected witl
be out of phase with the stnonger signal resulting grom
direct coupling of the drnive and plckup coils, the amount
0§ this phase shift being connelated with effective
veloeity."

Failure of this method was attributed largely to the ex-
treme smaliness of the signal to be detected.

¢. Electromagnetic Flowmeter

This included the rather commonly used electromagnetic
flowmeter approach for measurement In a full pipe. How-
ever, it was decided that bulkiness of the equipment
precluded its use for a portable, easily installed
instrument.

d. Electric Current Method

A voltage was applied across a dynamic test section, be-
tween two electrodes in direct contact with the water. A
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change in d-c voltage was observed as velocity changed.
An Increase In current was observed as velocity de-
creased, with the filled c¢ross=-section remaining the
game. Problems encountered were random changes due to
d-c signal "drift'", and plating by the direct current on
the exposed electrodes.

The method finally selected for more detailed investigation involved
the timing of a heat pulse as it traveled down the pipe. Thermocouples
were used to sense the travel of heat induced by the injection of steam
into the flowing water. Measurement of the cross-sectional area of
flow was done by the use of capacitor plates to sense the change in wa~-
ter level in the sewer pipe.

"Two protofype gages were gabricated. The overall accuracy of Lhe §4i-
nal profotype was, at best, +15 percent."

JOINT CONSTRUCTION SEDIMENT CONTROL PROJECT

Reference (89) describes a demonstration project which consists of:

(2) the implementation, demonstration, and evaluation of erosion con-—
trol practices; (b) the construction, operation, and demonstration of
the use of a stormwater retention pond for the control of stormwater
pollution; and (c) the comstruction, operation, and maintenance of
methods for handling, drying, conditioning, and disposing of sediment.
As part of the project, a gaging and sampling program was conducted to
determine the effects of urbanization on storm runoff and water quality
of nmatural areas.

Four automatic flow gaging and water sampling stations were installed
on small streams of the study area. Two of the statlions were installed
adjacent to each other on streams just upstream from thelr junction.
One of these streams drains an experimental watershed and the other
drains an adjacent reference watershed. Two other gaging and sampling
stations were established immediately upstream and immediately down-
stream from a 1.6 Hectare (4 acre) pond.

At three of the gaging aites, precalibrated, broad-crested, V-notch
weirs developed and tested by the U.S., Department of Agriculture were
installed. At two sites, the concrete welr caps have 2:1 side slopes;
at the third site, side glopes of the welr cap are at 3:1. At the
gaging site downstream from the four-acre pond, a sharp-crested, com-
pound, 90°, V-notch and rectangular weir was installed.

A Stevens Duplex Water-Level Recorder Type 2435 was used to simultane-
ously record water levels at the two adjacent stream sites. A Stevens
Type A35 water level recorder was used upstream from the pond, and a
Belfort liquid level recorder was used at the downstream site.
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A Gurley pygmy current meter was avallable to perform additional stream
gaging, but was used primarily to check the calibration of the perma-
nently installed weirs.

The welrs and level recording devices used are said to "have proven to
be accurate, reliable, and easy to maintain". However, it was found
necessary to clean out sediment above the three U.S5.D.A. weirs "--after
each storm and sometimes under base §Low conditions to maintain the
ealibration and accuracy of the weins”. No cleanout was required at
the compound weir downstream from the pond. Because of the reported
accumulation of sediment found after each storm, accuracy of runoff
records at the three sites during periods of storm runoff may be ques-
tioned. An unknown pattern of alternate sediment accumulation and
flushing during the storm runoff period could occur. Calibration may
have been incorrect during the falling limb of the hydrograph, when
sediment was accumulating.

COMBINED SEWER OVERFLOW ABATEMENT PLAN, DES MOINES, IOWA

Reference (90) is a report on a project designed to provide engineering
information regarding the volume, character, and impact of combined
sewer overflows and urban stormwater dlscharges from a typical mid-
western metropolitan area. The project includes an engineering evalu-
ation of solutions to the problem, including combined sewer separation
and investigation of facilitiegs for the treatment of both combined
sewer overflows and atormwater discharges.

Several different types of equipment and methods were used to measure
flows and to provide secondary stage measurements. Weirs of the 90°
V-Notch type and rectangular weirs, both suppressed and contracted,
were used. At sltes with larger volumes of flow, a stage~diacharge
relationship was determined using current meters. MNatural controls of
a permanent nature were found at these sites. The Manning formula,
with water-surface slope and an "n" value of 0.018, was used to deter-
mine discharge in one conduit. The main outfall of the wastewater
treatment plant was meagured with a raw sewage flow totalizer of an un-
disclosed type. Stick gages painted with water soluble paint were used
to detect overflow occurrences. Both Stevens Type F Recorder, Model 68,
and project designed and fabricated compressed-air bubbler recorders
were used to record water levels.

Dry-weather sanitary sewer flows were measured in eight sewers and in
the main outfall of the wastewater treatment plant. Welrs were used
in all sewers and float recorders were used in seven of them. A bub-
bler recorder was used in the eiphth. No problems in measuring dry-
weather flows with this equipment were reported, although no check on
accuracy is available.
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. Because of the extended period of high river stage, flow measurements
during wet weather were generally not obtained in the sewers or over-
flow points. During this period, most of the flow measuring sites were
either submerged or at. least intermittently affected by high water.
Overflows at one point were estimated by use of the Manning formula,
and at another point by use of a current meter.

Stormwater runoff was measured at four gaging sites on storm sewers.
At three sites, flow was measured by means of weirs and bubbler re-
corders. During periods of high river stage, one of these sites was
submerged or affected by backwater, when no record was obtained. Run-
off at the fourth site was determined from a2 stage-discharge relation~-
ehip established by current meter measurements. A concrete sewer line
crossing the channel provided a permanent type control., The rating
curve was extended an undisclosed amount above the highest current me-
ter measurement.

COMPUTER MANAGEMENT OF A COMBINED SEWER SYSTEM

Reference (91) describes a computer—controlled "total systems manage-
ment" complex, which affects much of the combined sewer system of
Seattle, Washington. Computer-augmented treatment and dispesal (CATAD)
takes advantage of storage in the sewers to limit overflows, and se-
lects overflow polnts based on water quality data.

Development of the control system included the installation of 36 re~
mote sensor statloms and the construction of 15 gate-driven regulator
stations. Work continues on a fully automatic optimizing model to
program declsions so the system can maintain an 80% overflow reduction.

"Water Levels atf many Locations are probably the most imporntant single
categony of inforumation requined to caleulate fLows and I}ugge/r. certatin
iypes of akarms. By Ancorporating Manning's equations, various origice
and wein formulae and pump efficiency curves, Lt is po.ébibi’,e Lo cafeu-
Late §Low at almost any Location in the system. The computer chechks
waten efevations with neference 1o overglow weirns Lo generate pre-
alarms before overflows fake place and/on actual afawms afier the ovenr-
geow has begun. Monitorning, controf and modeling of the entire system
depends upon fLow information from many Locations, some of which cannot
be obtained grom watern Level measuwrements alone. In the CATAD system,
these additional on-Line {Low measurning techniques are employed:

1. Flow measuring weins are installed at vanious Locations.

2. A calibrated propellen type gLowmeter is monifored at the
West Point treatment plant site.

3, Force main pressure calibration methods are used at pump

stations whenre there 46 sufficient gniction head Loss %o
calibrate the fonce main at various §low nanges.”
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In addition, more than 100 Palmer-Bowlus flumes are installed in man~
hole locations. A computer program has been applied for rating these
measuring flumes, using data including sewer diameter, shelf height,
flume side slopes, and elevation of vertical side slopes.

Level sensors used in the system are geperally pneumatic bubblers with
back pressure read by a differential pressure transmitter. The accu-
racy of measurements was checked by direct level measurements to bring
instrument calibration of the various stations inteo agreement with the
system datum. It was determined that the overall accuracy probably ap-
proaches about 2% of the full scale measurement.

Project experience demonstrated that manufacturer's pump unit perform-
ance curves may be used to calculate reliable flows provided that crit-
ical analog sensors, particularly pump speed sensors, are reliable.

Because flows calculated using performance curves had been considered
dubious, force main pressure sensors were installed at many pump sta-
tions to provide alternative means of calculating station discharge.
As a result of checking the pressure gages using the salt velocity
method, it was found that flows thus calculated are not entirely reli-
able due to rapid fluctuation of analog pressure values.

Deficiencies 1n the flow calculation procedures for regulator stations
were revealed. No allowance had been made for the effect of intercep-
tor backwater affecting the tailwater at a regulator gate and no tran-
sition had been provided between fully-submerged and free discharge
conditions. A backwater allowance was added, and a method of calculat-
ing the degree of gate submergence was developed.

CHARACTERIZATION AND TREATMENT OF URBAN LAND RUNOFF

Reference (92) describes a project to characterize the runoff from a
4.3 sq km (1.67 sq mi) urban watershed in Durham, North Carolina with
respect to annual pollutant yleld. The U.S. Geological Survey operates
a continuous stage recorder and two digital punch tape precipitation
recorders wilthin the basin. Stream-flow control is provided by a
shallow V-notch weir located on Third Fork Creek some 21m (70 ft) down-
stream from a bridge culvert and 11.3 kan (7 mi) upstream from the mouth
of Third Fork Creek. Water quality samples were taken from the center
of the stream approximately 1.5m (5 ft) below the weir. Thus, rainfall,
runoff, and water quality data were gathered for the basin and analyzed.
The USEPA Storm Water Management Model (SWMM) was also evaluated with
respect to actual conditions as measured in the fleld and '"was judged
to predict peak hydrograph flows and total hydrograph volumes with rea-
sonable accuracy; however it was not judged effective for predicting
pollutant concentrations'.

In order to assess the impact of varying types of land use within the

basin on urban runoff quality, 5 storms were manually sampled at sub-
basin discharge locatrlons. A control section, usually a pipe or box
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culvert, was utilized with Manning's equation to arrive at stage-
discharge relationships for each basin sampled. The stage was manually
read when a sample was taken. No accuracy estimates are available.

OTHER USEPA PROJECTS

Among USEPA projects for which final reports are not available is a
project (EPA S-802400) to demonstrate disinfection and flash treatment
of combined sewer overflows at Syracuse, New York. Disinfection is ap-
plied for one minute after solids removal by high rate screening. Flow
of combined sewage 1s measured from three pumping stations to installa-
tions of fine mesh and micro screens. Also, flow in solids return
lines from the screens is measured and used to contrel backwash of the
screens, Flow from the three pumping stations is measured by Brooks
electromagnetic flowmeters. Solids return from the screens is measured
with a welr and a Badger Meter, Inc. float level indicator. Problems
were experienced in printed circuits of the signal converters used with
the Brooks electromagnetic flowmeters. Initially, other problems
necessitated that adjustments be made by Brooks' representatives.

A USEPA grant project (EPA Y-005141) with the Monroe County Pure Waters
Authority is to develop a master plan for treatment, conveyance, or
holding alternatives to effectively handle the combined sewer overflows
from the Rochester, New York, sewer system. Flow quantity and quality
dgta collected for the project are to be used in calibrating the USEPA
Stormwater Management Model. The mastex plan is to be so0 developed to
provide guidelines for use in preparing such plans for other cities.
Measurements of thirteen combined sewer overflows, and at four loca-
tions in interceptor sewers, are being made. At five of these loca-
tions, Badger Meter, Inc. ultrasonic flowmeters are used in conjunction
with Badger ultrasconic water surface level indicators. At eleven loca~-
tions, Badger ultrasonic level indicators only are used to record head
over weirs or to provide data for use with the Manning formula. A
Fischer-Porter bubbler gage above a combination weir-orifice is used
for flow measurement at one site. All data are transmitted to a cen-
tral computer. Redesign of the ultrasonic head probes was found neces-
sary due to echoing in the sewers, but they are now reported to be
operating satisfactorily. Problems of interfacing with the computer
were experienced, but very good coperation has been obtalned after six
to eight months' experience.

A project (EPA No. 11024 FIU) was for the design, fabrication, and
testing of a prototype 30.5 em (12 in.) vibratory sewer flowmeter. The
floumeter to be developed was to operate on the principle that the re—
action of flowing material to a mechanical vibration applied to the
stream boundary in a direction transverse to the directlon of flow is a
direct measure of mass flow rate. The essential elements are an actu-
ator to impart a vibratory force or motion to the flowing material and
a sensor to measure the resction. This type of device has been used
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successfully for measuring very small flows, but the mechanical prob-
lems with equipment for use in a sewer were not successfully solved
with the time and funds available.

A project (Contract No. EPA 68-03-0341) with Cushing Engineering is for
the "Development of an Electromagnetic Flowmeter for Combined Sewers",
which may result in a device capable of measuring flow under open—
channel conditions as well as In a full, pressurized pipe is in prog-
ress. The copen channel electromagnetic flowmeter will have a primary
unit or transducer (i.e., the portion through which the fluid flows)
that is not considered to be appreciably more complicated than the con-
ventional inmstrument; however, it does require more sophistication in
its secondary unit (l.e., in its signal conditioning unit). The pri-
mary unit is very similar to standard electromagnetic flowmeters ex—
cept that in this case a manifold of detection electrodes (as opposed
to a single palr) are employed so that measurement can be made through-
out the varying depth of the liquid. The outputs of the detection
electrodes are fed into an adder network which totals the voltage
sensed in accordance with height of flow.

The EPA has contracted {(Contract No. 68-03-2121) with Grumman Ecogystems
Corporation for the development of a new, non-intrusive, low cost, pas—
sive meagurement system capable of monitoring flow in storm, combined,
and sanitary sewers. The system's concept involves a proprietary tech-
nique of uwtllizing the sound emission resulting from the interaction of
fluid flow with a discontinuity of a solid surface. In the application
to sewer flow, a discontinuity is any inherent change in the sewer
cross-section, slope, or direction that can significantly affect the
flow area or direction. Laboratory investigations directed to optimize
system design details for sewer installations, and analyses which will
relate theory and test data to measurement system design objectives and
applications are currently underway. By proper signal processing, the
acoustic emission flowmeter can be made to differentiate between sound
that 1s indicative of and generated by the quantity of flow and noise
caused by noncorrelatable secondary flow processes and general back-
ground noise. Several factors may affect sound production and transmis—
slon in wastes such as a suspension of bubbles, temperature gradients
and stratification, ete. These areas must be investigated and either
avoided or compensated for by selection of sound pickup locations.

PROJECTS BY OTHER FEDERAL AGENCIES

Federal agencles which have been active in development of improved flow
measurmenet equipment and methods, with a brief description of thedir
work, are given below. Other Federal agencies have carried on similar
useful projects in past years, but have been omiltted where informaticn
on possible recent work was not available. The information presented
here was obtained either by telephone or personal interview.
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Agricultural Research Service

Work on improved designs of trapezoldal-type measuring flumes to over-
come sediment problems is being conducted in Phoenix, Arizona.

Bureau of Reclamation

Radioisotope Flow Measurement - Equipment and methods for measuring
flows in canals, pipelines, and turbines with radioilsotope tracers have
been developed by the Bureau during the past ten years. Public resist-
aunce to Injection of radioisotopes into water supplies has minimized
their use.

Ultrasonic Flowmeter - Ultrasonic flowmeter equipment furnished by the
Badger Meter Company was tested in a 61 cm (24 in.) diameter pipeline
and in a 76 em (30 in.) wide channel. A measurement acecuracy of *2%
was obtalned In the pilpeline. A significant conclusion was that the
flowmeter transducers should be Installed in direct contact with the
water rather than on the outside of the pipe.

Rotameter-type Flowmeter - Combined rotameter-type flowmeter and flow
controllers of 25.4, 30.5, and 35.6 cm (10, 12, and 14 in.) sizes were
studied In the laboratory. These devices totallze flow, indicate flow
rate, control flow to preset rates, and provide shutoff. Further field
operation and experience 18 necessary to fully evaluate the devices.

The Bureau of Reclamation conducts a continulng research program in

the fields of water system automation and flow control. Studies 1n the
use of electromagnetic and ultrasonlc methods of flow control are in
progress.

Corps of Fngineers

Recently, Westinghouse ultrasonic flow measurement equipment has been
installed on the Columbia River to provide improved information on
powerplant operation. This work was performed by the personnel of the
Portland District in cooperatlon with the U.S8. Geologlcal Survey.

Satellite transmission of data i1s belng investigated in the New England
Division. Telemark data transmission systems are belng discontinued
and are being replaced by radio transmission. It is expected that data
transmission In the future will be tled to the National Oceanic and
Atmospheric Administration System of Automation of Fleld Operation and
Services.

Geological Survey

The Water Resources Divlision of the Geologlcal Survey maintains a con-
tinuing program to improve water measurement devices and procedures.
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Recently, a flow measurement device for measurement of storm runoff in
sewers has been developed, and a number of them are being installed in
several sewered catchment basins. The device functlons within the
sewer under both open~chamnel and pressure flow conditions, and is said
to cause only an insignificant amount of head loss. Under open~channel
conditions, the meter functions as a venturi flume. For pressure
flows, the device operates like a modified venturi meter. This flowme-
ter 1s very similar to that developed by Dr. Harry G. Wenzel of the
University of Illinois. A silgnificant difference is that the upper po-
glticn of the pilpe 1s unconstricted, reducing discontinuity between the
open—channel flow rating and the pressure flow rating.

PROJECTS OUTSIDE THE UNITED STATES

The reader 1s cautioned not to assume that all the flow measurement
research tbday is being conducted in the United States. Most industri-
alized countries are active 1n this area, and new or lmproved flow
measuring devices and techniques are being reported by foreign investi-
gators. Coverage of all forelgn research simply was outside the scope
of the present effort, but would be a fit subject for a future study.

However, mention will be made of one Canadian development recently re-
ported by Marsalek (93) because of its promise for application at Sites
troubled by surcharging. It is essentially a flume-dilution combina-
tion for sewer flow measurement. The equipment involved is all porta-
ble and suitable for manhole operation. At the primary wastewater
characterization site a Palmer-Bowlus type flume, a water level re-
corder {a capacltance-type probe was used In this case), and an auto-
matlic discrete sampler were installed. At a manhole sufficiently
upstream to assure that complete mixing would occur a tracer supply and
metering feed pump were installed.

Under ordinary (open channel) flow conditions only the equipment at the
primary site is in operation. When the water level, as measured by the
capacitance probe, reached a pre-determined value indicating that sub-

mersion effects would be seriously degrading discharge values as meas-

ured by the flume, an alarm relay activates the tracer feeding pump at

the upstream site. The chemical dilution technique is applied for the

"high flow" periods by analyzing the samples collected by the automatic
ganpler to determine tracer concentrations.
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SECTION IX

FUTURE AREAS OF RESEARCH AND DEVELOPMENT

Although the general state of the art of flow measurement has come a
long way since the days of Sextus Julius Frontinus (e.g., we can accu-
rately measure cryogenic flows, liquid sodium flows, mixed gas and
vapor flows, ete.)}, the most common flow measurement devices and tech-
niques used in sanitary epngineering are but modest improvements upon
nineteenth century (or earlier) developments. This is not surprising
in view of the Natlonal priorities that have been given to space and
nuclear energy programs, and the concomitant application of resources
to the development of technologies directed toward the solution of
problems in these areas. As was pointed out earlier in this report, we
are now becoming more and more aware of the fmportance of accurate
sewer flow measurement and, in recent times, have begun to devote inm-
creaging attention to it. Storm and combined sewer flows, as noted,
are among the most difficult to measure well, and much remains to be
done before we can claim that the state of the art, as belng practiced,
is equal to the task.

As a result of the activities conducted during the course of this
study, Including the review of older research and development projects
as well as current and on-going ones, it appears that there are several
promlsing research areas that could produce improvements within a
short-term time frame. They have been divided into three categories:
general research, which is more basic or fundamental and applicable to
a number of different classes of flowmeters; applications research,
wiich deals with the engineering required to adopt already-developed
building blocks into flow measurement systems sultable for the storm
and combined sewer application; and demonstration research, which is
the actual field use and evaluation of existing equipment that either
has not been tried before or about which there is presently insuffi-
clent information.

Several promising activities within each area will be discussed. No
attempt to be exhaustive or all-inclusive has been made. Rather, the
activities suggested have been selected because of a critical need, the
promise of a high probability of positive results, and/or the immediacy
with which results could be obtained. The selectlions are necessarily
somewhat sublectlve, and doubtless some readers will be concerned that
cne of theilr "pet! areas has not been included. The writers can only
hope that any such criticism will be tempered by the realization that a
complete coverage of all possible contributory research could more than
double the size of thls already somewhat lengthy report.

Two general recommendations will be treated outslde the just mentioned

categories because they tend to overlap and are a bit more policy/
priority than specific task oriented. First, there is a need for a
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facility where controlled flows of wastewater can be maintained so that
various alternative devices and technlques can be tested in a side-by-
side fashion. It is imperative that this facility be capable of opera-
tion with actual sewage as well as water 1n view of possible
interference effects to some flow measurement equipment that might be
caused by the former. A facllity was developed as a part of a USEPA
funded study and evaluatlon of a perlodic flushing system for combined
sewer cleansing by FMC Corporation. It has varlable slope test sewers
of 30.5 and 45.7 em (12 and 18 in.) diameters and can utlilize actual
sewage. It 1s recommended that this facility be evaluated for the pur-
pose of side-by-side flow measurement device testing and so utilized if
indicated.

The second general recommendation arises from the very nature of the
storm and combined sewer application itself. It is strongly recom-—
mended that priority be given to the development of portable flow meas-
urement devices that could be used for overall survey work, for
gathering field data for use in the development of computer stormwater
management models, for conducting infiltration/inflow studies, and the
1like. The Importance of a portable flowmeter for each of the cited
uses is well known and will not be belabored here. The problem 1s that
the need is still largely un-met. Of the following research recommen-
dations, it is recommended that those activities that will be contrib-
utory to the development of portable devices be undertaken first.

GENERAL RESEARCH

Much remains to be learned about -the physics of complex flows such as
stormwater or combined sewage. They are multi-phase mixtures contain-
ing solids, liquids, and gases and are unstable, with constituents go-
ing into and out of solution as the flow progresses. When combined
with the problems introduced by nonuniform, unsteady turbulent flow,
the research possibilities are mind-boggling. Only three, which the
writers feel are both of immediate concern and reasonable tractibility,
will be dilscussed.

Effects of Fntrained Alr and Solids

Entrained alr and solids in the flow can have an effect on Beveral dif-
ferent types of flow-measuring equipment. One of the most recent and
promising methods of flow measurement utllizes ultrasonic equipment,
which is known to be adversely affected by these elements. Experience
to date has shown that the presence of heavily concentrated air bubbles
in the flow interferes with operation of ultrasonic flowmetering equip-
ment. This is true even when the bubbles are =0 small that they are
hardly visible. The only solution thus far proposed 1s to Iinatall the
flowmeter where such bubbles do not form; that is, to avold locations
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below drops, chutes, and hydraulic machinery which cause air entrain-
ment in the flow. A method for overcoming this restriction of meter
applicability is needed, and should be investigated further.

A siwmilar interference by solids suspended in the flow has been noted.
Although methods for overcoming the effects of larger, more widely
spaced suspended solids have been developed, fine silts remain a prob-
lem. PFurther study to better understand and overcome such effects on
ultrasonic velocity measuring devices is recommended.

Polymer Effects

The introduction of selected polymers to pipe flows has been demon-
strated to significantly increase the pipe carrying capacity. Flow
increases of as much as 2407 at & constant head have been achieved.
Fleld tests reported by The Western Company (94) on a 61 cm (24 in.)
line demonstrated that surcharges of greater than 1.8m (6 ft) could be
eliminated by polymer additives. Similarly, the capacity of open chan-
nels has been lncreased through use of friction-reducing additives,
although to a lesser extent, as noted by Derick and Logie (86).

The addition of polymers to the flow can have a significant effect on
the calibration of certain types of flow measuring equipment, as alsc
reported by Derick and Logie (86). Although they only tested flumes
and weirs, effects could be even more pronounced In those devices that
presuppose velocity distributions in the flow. Ultrasonic flowmeters
are a particular case in point. For example, little is known about the
effect of changing the viscosity of the water on the character of the
ultrasonic pulse through the water, or about the reduction of turbu-
lence cauvsing a change in velocity distribution in the cross-section.
Because of the potential for increased use of polymers for flow control,
study of their effects, especially on ultrasonic flow measurement
equipment, 1s recommended.

Veloclty Distribution

Although a significant effort has been made to define the relationship
between average veloclty along a horizontal chord or traverse, eleva-
tion of the chord or traverse, and the average velocity in the cross-
section, much more work would be helpful in reducing the cost of flow
measurements. Theoretical computations and laboratory and field obser-
vations have been made in the past, but a consolidation of known infor-
mation, reinforced with selected additional data, would be quite useful,
since many of the flow measuring devices infer average velocity from
point or chordal measurements. This is particularly true with respect
to ultrasonic flow measurements, where the average velocity along a
chord or traverse between two meter probes 1s measured. Further knowl-
edge of these relationships would also be useful with other flow meas-
urement devices where flow 1s computed from the product of average
velocity in the cross—section and the cross—-sectlonal area.
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APPLICATIONS RESEARCH

The state of the art and technologies are now at hand to allow the de-
velopment, based on already established building blocks, of improved
flow measuring devices for application to the storm and combined sewer
problem. A few examples will be discussed.

Automated Dye-Dilution Devices

As discussed in Section VI, dilution techniques are very promising for
application to the measurement of storm or combined sewer flows, espe-
clally in view of the new fluorescent dyes now available. Sultable
equipment for either controlled~rate or slug injection of dye solutions
is avallable. Automatic sampling equipment to allow rellable gathering
of representative samples and flucorometers for automatically measuring
dye concentrations are also avalleble. There has even been work done
on laser stimulation of fluorescence which could allow remote observa-
tion of dye concentrations without direct contact with the flow. Pres-
ent Integrated circult technology would allow automatic conversion of
dye concentrations to flow rates, in digital form, for indicating and
recording and transmitting to central locations. It 1s even possible
to develop a portable, battery-powered version that could be used for
field calibration of existing flow measurement devices. It is recom
mended that a project to integrate these building blocks into an auto-
matic flow measurement device be established, with emphasis on
portability.

Portable Ultrasonic Devices

Sufficient field experience is now available to demonstrate the utility
of ultrasonic equipment for the measurement of sewage flow, including
stormwater and combined sewage. Development of portable equipment could
expand the usefulness-of this kind of flow measurement device to meas-
urements of the miscellaneous type, such as in infiltration studies, to
check the effluent from industrial plants, and for many other purposes.

Basically, ultrasonic-flow measurement equipment is adaptable to com~
pact packaging, as no large, heavy parts are required, even for measure-
ments of large flows. Three separate packages might be developed - a
level gage, several sets of meter probes, and associated electronic
instrumentation. Provision should be made for installing the probes
either inside or outside of closed conduits. Again, the fundamental
building blocks are at hand, and it is recommended that such a project
be initiated as scon as possible,

New Flumes
As noted in Section VI, there has been extensive research work performed

on a varlety of new flume configurations, with resulting designe that
offer wider ranges, greater self-scouring characteristics, better
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submerged performance capabilities, etc., as compared to the more tra-
ditional designs, especially the Parshall flume. It is recommended’
that a project be established to consolidate the existing information
on these efforts and, based upon this, to develop a flume possessing
the most advantageous attributes in light of present day technologies
and the storm and combined sewer application. For example, it might
happen that a trapezoidal cutthroat flume with an automatic, electronic
dual head comparison (Hb/Ha) and critical/submerged/pressurized flow
algorithm shift integrated circuit card would offer great promise.
Such a design is totally within the present state of the. art and could
be effected at a reasonable cost.

Ultrasonic Level Gages

As gsecondary elements in f£lov measurement devices, ultrasonic level
gages show considerable promlse for the storm and combined sewer appli-
catlon. They obviate the self-cleaning requirements of many secondary
elements, offering the advantage of no requirement for contact with the
flow stream whatsoever. Their use has been fraught with difficulty,
however, especially in settings such as a manhole application. The
problems, from discussions with varilous fileld and applications engi-
neers, would appear to stem mostly from spurlous or false signal returns
due to echoing from the installation structure. The problem has been
encountered in many applications, e.g., the Rochester project, and has
been Independently solved (or apparently so) almost as many times. For
example, the USEPA National Fleld Investigation Center, Cincinnati, has
experienced such problems with different makes of equipment and has de-
veloped an inexpensive modificatlion that apparently corrects the prob-
lem. It is recommended that a project to review the history of such
experiences, including problem and solutlon descriptions, be prepared
and procedures developed for the use of ultrasonic level gages in such
applications.

DEMONSTRATION RESEARCH

There are several flow measuring devices, either presently avallable or
virtually ready to be introduced, that offer conslderable promise in
the storm and combined sewer application. However, information about
their use in such a setting is lacking, but could be gained from test-
ing in a suitable facility as discussed earlier or from other field use
such as a.demonstration as an adjunct to an on~going project; thus,
definite recommendations as to their sultability or fitness as storm or
combined sewer flow measurement devices can be made. Some of these
will be briefly discussed.

Venturi Meter/Flume

These flow measuring devices are designed to operate under both open-
chanmel flow and full-conduit flow under pressure. Under open—channel
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conditions, the meters act as supercritical flumes, but when completely
filled and under pressure, they behave more like modified venturi me-
ters. For open-channel flow, only the depth at a single (usually up-
stream) measuring section is required. When the pipe is flowing full,
and is under pressure, the flow is a function of the difference in the
upstream head and the head at, say, the meter throat or an exit head.
Two such devices have been recently developed — one by Dr. Harry G.
Wenzel, Jr, at the University of Illinois, and one by George F. Smoot
of the U.S. Geological Survey.

The 20.3 cm (8 in.) diameter test meter designed by Dr. Wenzel has been
sufficiently laboratory tested, but has not undergone fileld experience
to evaluate its self-cleaning characteristics and 1ts hydraulic perform-
ance. It 1s recommended that a prototype meter of larger size, at least
on a 61 cm (24 in.) diameter line, be tested in an actual combined sewer
in 1ine with an accurately calibrated meter of another type.

Several similar flumes designed by George F. Smoot for the U.S. Geolog-
ical Survey have been installed in storm or combined sewers. However,
there has not yet been sufficient field experience to allow adequate
evaluation of them. It is recommended that a flume of this design be
instalied (preferably) in line with the meter designed by Dr. Wenzel
and an accurately calibrated meter of another type for further
evaluation.

Combination Thermal Flowmeter

Two thermal flow tube meters are manufactured by the Thermal Instrument
Company, one for measurement of flow in pipes that are flowing full and
another for flow measurement in partially filled pipe. Although dis-
cussed earlier, the principle of operation of these meters 1s described
briefly as follows:

"A sensing element Located on the outside of the §fow tube {48 enengized
with a small amount of electrical enengy (Lesds than one watt). The heat
conducted off this element, by the flow stream, {is directly proportional
1o fthe mass §fow nate of the fLudd.

Additional sensing elements are Located on the tube to compensate and
connect for the effects of §luid and ambient femperatune."

For measuring flow in partially filled conduits, a liquid level sensor
1s placed on the outside of the unobstructed pipe, in addition to the
velocity measuring sensors.

Very little experience has been gained with this type of flowmeter in
measurement of sewage. Meters are now In operation on 50.8 em (20 in.)
plpes carrying recycled pulp wastes, There is sald to be no upper limit
on the size or ranpge of these meters.
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Because of the obvious potential advantages of such nonobstructing me~-
ters, it 1s recommended that they be evaluated in a line of moderate
slze, but under conditlons of both open—chammel flow and full flow un-
der pressure. The test meter would be placed in line with a flow meas-
uring device of another type with proven accuracy.

Self-Calibrating Acoustic Level Gage

The "Aquarius" acoustle level gage described in Section VII offers
many apparent advantages over more traditlional ultrasonilc level gages
as a secondary element in a flow measurement system. These include:
complete independence from all environmental effects; almost an order
of magnitude greater accuracy than presently available; a low produc-
tion cost; portabllity, which includes the promise of outstanding bat-
tery life (up to one year); and lmmediate computer compatibility, owing
to its advanced, all-digital electromic design., At this time, however,
the device is so new that virtually no data (outside the laboratory)
are agvallable to substantiate these promises in a field setting. It is
recormended that one of these devices be procured and installed, at a
site with a sultable pyimary device, alongside a proven head sensor in
order to demonstrate its real capabilities in a field setting.

High Range Open Flow Nozzle

The H-series flumes (or open—channel flow nozzles), that were developed
by the U.S. Department of Agriculture, hold considerable promise as
primary devices for successfully measuring storm and combined sewer
flows at many sites, as discussed in Section VI. In view of their low
cost and very wide measurement range, 1t 1s recommended that a project
be initlated to: (a) gather available information on the varicus flumes
of this type and other open flow nozzle designs; (b) amalyze this de-
sign; and (c) fabricate and test such a primary device.
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